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PEEFACE TO THE FIRST EDITION. 



The author of the followiDg Treatise was engaged for several 
years in the application of Electro-Metallurgy to the purposes of 
manufacture. His operations were performed with solutions of all 
the metals, and upon objects of every size and form. They com- 
menced when the art was young, when its practical applications 
were speculative, its advantages and disadvantages equally un- 
known; when difficulties of all kinds, such as beset every new 
art, had to be met, and considered, and overcome. 

The course of his daily proceedings threw him into the way of 
observations much more extensive and much more diversified than 
could possibly have occurred to any amateur of the art. Where 
large operations in an extensive business were concerned, it was 
necessary to attend to details that some would have considered 
trifling, and to overcome obstacles that others might have deemed 
insurmountable. Under the pressui*e of these circumstances, all 
means were employed to procure information. Innumerable 
electrotype processes were repeated as soon as they were pub- 
lished^ and original experiments were made in a variety of forms, 
and frequently on an extensive scale, with a view to the removal 
of particular difficulties, or to find the means of accomplishing 
certain desirable ends. 

These proceedings and inquiries afforded numerous results, not 
only useful in the manufacture in which the author was engaged, 
but interesting to the man of Science. And it is because of their 
general utility to all persons engaged in the multifarious processes 
into which the art of Electro-Metallurgy has ramified, that he has 
been induced to throw them into the form of the following Treatise. 
While, however, he can state, that what is collected here is 
derived from extensive personal experience, he by no means 
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ventures to assume that the work is free from deficiencies. He 
has too frequently had to deplore the effects of his processes, and 
to point out the desirableness of others of greater certainty and 
economy. 

Neither can the author presume that this work will be a standard 
on the subject to which it relates. Arts and Sciences, like king- 
doms and nations, have their several periods of rise, prevalence, 
and decadence ; and nothing can be more unstable than descriptions 
of an art like Electro-Metallurgy — an art that must fluctuate with 
the course of experimental discovery, that has rapidly attained a 
distinguished eminence, and that promises to extend its utility 
still further over regions now unthought of. The superb speci- 
mens of its products, which were displayed to the admiration of 
the world, at the Great Exhibition op the Industry op all 
Nations, prove at once the immense importance of Electro- 
Metallurgy, and how much may yet be expected from one of 
the most ingenious of those modem applications of Science, 
which subject the powers of Nature to the use and pleasure of 
civilised man. 

Glasgow, Maijy 1851. 



NOTE TO THE THIRD EDITION. 

The rapid sale of the two editions of the Manual of Electro- 
Metallurgy has afforded great gratification to the author, and he 
has embraced the present opportunity of revisal, to include every 
approved novelty, so as to bring the work down to the present 
state of knowledge on this most valuable art. 

(Glasgow, Fehruaryy 1857. 



PREFACE TO THE FIFTH EDITION. 



The art of Electro-Metallurgy may, in a manner, be said to have 
passed from the hands of the experimental philosopher into 
those of the manufacturer ; and when at any time the former 
^9 announces anything new in the art, the latter generally looks 
/ upon it from a business standpoint, and asks, "Will it pay?" 
It is, therefore, not to be wondered at that the manufacturing 
electro-metallurgist overlooks or forgets many important and 
interesting phenomena which do not directly affect his manu- 
facturing interests, and that he fails to be sufficiently observant 
or interested in the theory or science of his art. 

It may appear a matter of small consequence to the manu- 
facturing electro-metallurgist whether the electric force which 
performs his work is composed of two distinct forces — termed 
a positive and a negative — having, when separated, a strong 
re-uniting attraction ; or one single force, and what are called 
the negative and positive, simply the possession of more or less 
of it. I have always held an opinion in favour of the single 
force, and have, I think, pretty clearly proved that dynamic 
electricity, at least, is one simple and undecomposable force, by 
the discovery that when it passes through a fluid in sufficient 
strength to decompose it, the elements of the fluid are not mutu- 
ally transferred from one electrode to another, which the com- 
pound theory would necessitate, and which is asserted by 
electricians to take place. I have also shewn that when, the 
electric force passing through any fluid is too weak to decompose 
it, there is produced a current of the fluid in one direction only, 
not in opposite directions, as the two and equally-powerful force 
theory would necessitate. Although upwards of thirty years 
have elapsed since these facts were made known, subsequent 
hooks and lectures on the physical and chemical scie];ices have 

b 
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continued to uphold the dogma of two electricities in electrolytic 
action, causing a mutual transfer of elements from pole to pole. 
It is no doubt a very pretty theory, only it is not consistent 
with facts. 

I have, in the present edition, gone back to the early days 
of the art, and produced a number of proofs in vindication 
of my view. I have also added several things that came 
under my notice during the active competition which took 
place between philosophers and manufacturers to gain a step 
in advance, when the art was new. These have not formed 
any part of the former editions of this work, and therefore 
I call the reader's attention to this new matter, because the 
generj,l form of apparatus now used in the art is not suitable 
for observing many of the phenomena which were of constant 
occurrence and often of great annoyance when the art was 
young. 

Notwithstanding the time that has passed since the first 
edition of this Manual was published, I have not found it 
necessary to alter, in any essential way, the statements then 
made respecting the practical operations of the art. No doubt 
the introduction of the improved electro-magnetic machines 
have proved of great advantage to the large manufacturer, 
affecting what might be called the working force, enabling 
the manufacturer to do as much work in one day, on the 
same space, as he could have done in a week before. These 
improved machines are described in this edition. 



Partick, ^nd Lee, 1875. 
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ELECTEO-METALLUEGY. 



HISTORY OF THE ART. 

In reviewing the rise and progress of any discovery in the arts and 
sciences, particularly of one connected with the application of chemistry 
to manufacturing purposes, there are two circumstances which almost 
invariably demand especial notice. "The first is, that the discovery of 
the application has been the result of accidental observation — a sugges- 
tion eliminated during investigations imdertaken for other purposes — 
rather than the result of a direct endeavour to make the discovery. 
The SECOND is, that after the discovery has been made known, it is 
found that many previously published experiments exhibited results 
which bore more or less directly upon the subsequent discovery, and 
which are consequently sometimes cited to detract from the merit of 
the discoverer, and the originality and value* of his discovery. The 
following historical sketch will shew that these observations directly 
apply to the discovery of the art of Electro -Metallurgy :r— 

Volta's Discovert. — ^At the beginning of the year 1800, Professor 
Yolta invented the apparatus which has 'been named after him, the 
VoUaic Pile. As originally constructed by Yolta, it consisted of an 
equal number of round pieces of 'Zinc, silver, and pasteboard-^^the zinc 
and silver pieces being each about the size of a penny, and those of 
pasteboard a little smaller ; the pasteboard pieces were soaked in a 
solution of common salt, and "then with the metals were piled in the 
following manner: — zinc, silver, pasteboard; zinc, silver, pasteboard; 
and so on, in the same order, till all the pieces, 4imounting to upwards 
of a hundred, were piled upon each other, the uppermost plate being of 
silver, and, as already stated, the undermost of zinc ; these exterior 

A 
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plates, to each of which a wire is attached, form the terminals or poles 
of the pile. Fig. 1 shews the constructioii of the pile. 
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Fig. 1. 

By this instniment all the phenomemi of an ordinary batteiy can be 
produced. 

Chemical Decompositions by the File. — ^This discovery placed in 
the hands of the philosopher an instrument by which he could make 
such investigations as had never previously been conceived to be 
possible. Nicholson^ for example, effected the decomposition of water 
and of several metallic salts ; and observed, as a general rule, that in 
the decomposition of the latter the metal of the salt was reduced upon 
the zinc terminal of the pile. This is the first germ of electro-metallurgy. 

First Battery. — Cruikshanks, of Woolwich, with a view to facili- 
tate the construction of the pile, employed square plates of copper and 
zinc, soldered together two and two ; these were cemented, by means of 
pitdi, into a wooden trough, at the distance of about a quarter of an inch 
from each other, and so arranged that the zinc plates all faced one end 
of the trough, and the copper plates the other end. The spaces or cells 
between every pair of plates were filled with a solution of common salt, 
or a mixture of add and water, which produced the same effect as the 
moist cards in the pile. The trough thuB charged with its metals and 
solution acted the same part as the voltaic pile. This was the first 
form of that instrument now so well known as the ^^gdtoamc hatteryy 
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Decomposition by the Batteet, and its Appucation. — Cmik- 
shanks attached a silver wire to each teiminal of his battery, and the 
other ends of these wires he placed in a glass tube. When this tube 
was fOled with a solution of acetate of lead, and the electric current was 
allowed to pass through it for some time, metallic lead was found 
deposited upon the wire attached to the zinc terminal of the batteiy- 
Solutions of sulphate of copper, nitrate of silver, and several other 
salts were tried with similar results. The metals, as Cruikshanks 
expressed it, were ^^revived,^^ and that so completely as to suggest 
to him the application of the battery to the analysis of minerals. 
While Cruikshanks, Nicholson, and several other gentlemen in 
this country were making investigations and applications of voltaic 
electricity, Brugnatelli, Fourcroy, Yauquelin, and Th^nard, upon the 
Continent, were maJ^ing similar investigations, and obtaining similar 
results.* 

Deposition of Metals upon Othebs. — ^Brugnatelli, in his Annals 
of Chemistry^ gives a long list of experiments on the decomposition 
of salts by the pOe. He observed the transfer of the elements of a 
decomposed compound from one pole to anotiier; that silver, when 
deposited upon platinum, preserved all its metallic brightness; and 
that when copper or zinc were used in connection with the silver 
terminal, or positive pole, of the pile for decomposing salts, these 
metals were dissolved, and deposited upon the negative pole. The 
researches of Fourcroy, Yauquelin, and Th^ard gave the same 
results. 

Gilding. — ^In 1805, Brugnatelli, in a letter to Van Mons, mentions, 
among other scientific facts, that *^he had gilt in a complete manner 
two large silver medals, by bringing them, by means of a steel wire, 
into communication with the negative pole of a voltaic pile, and 
keeping them one after the other immersed in ammoniuret of gold 
newly made and well saturated."! 

Eably Opinions concernino EujCTRO-DECOMPOsmoN^^-Tiie above 
few instances are selected from a host of a simUar kind upon electro- 
decon^osition, to shew that the fact of the depoation of metals by 
an Metric current was familiar to philosophers at this early stage of 
the history of galvanism; that nevertheless, the phenomenon was 

* Wilkinsozi, Elements ofOalvanum, vol. ii., 1804. 
t PML Magazine, 180& 
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never thought of further than as a curious action of electricity ivhen 
passing through a solution containing metals; and that although 
these effects were produced again and again, it was only to prove 
and enforce certain speculative views respecting the electric fluid. 
As for example, BrugnatelH had formed an idea that the electric 
fluid had some relations to an acid which he called the electric ctcid, 
and he therefore viewed the decomposition of solutions, and the 
obtaining of the metal, which he termed an electrate^ as the result 
of the combination of this electric acid with the metal of the solution. 
In one of his memoirs upon this subject, he says — '^ Gold and platinum 
are not sensibly altered by the electric matter which passes through 
them, though it often happens that the electric current deposits on 
gold a stratum of zinc, copper, mercury, or silver, according to 
whichever of these metallic bodies it traverses/'* In the same 
paper it is several times stated that gold and platina do not seem 
sensibly affected by the electric acid. And when he communicated 
th^ above experiment of gilding the two medals, his object was to 
shew that he had now found that the electric acid had also the power 
of acting upon gold; and the publication of these results and observa- 
tions excited no other idea in- the minds of philosophers of that period 
than that they were mere scientiflc curiosities. The editor of the 
Philosophical Magazine appended the following note to the extract abeady 
quoted: — ^'The result here detailed: reminds me of one somewhat 
similar, which took place during some v experiments performed some 
years ago in the Askesian Rooms. Some •gold leaf was put loose upon 
a new piece of copper coin, which was then brought into the circuit of 
the pile. A part of the gold was inflamed, and other portions adhered 
to the surface of the copper as completely as if they had been attached 
by any common -gilding process." f 

How THESE Results affect the Discovery. — ^We have been par- 
ticular in thus noticing the observations of the first pioneers in electro- 
chemistry, because these and similar facts of later date have been 
brought prominently forward by writers upon electro-metallurgy, with 
the apparent intention to detract from the merit due to the discoverers 
of the new art, basing their argument on the groimd that the principle 
upon which the discovery is founded is not new. '' Electro-metallurgy,^' 
says Mr. Smee, *^may be said to have its origin in the discovery of the 
constant battery by Professor Daniell, for in that instrument the copper 

* Bmgnatelli, Annals of ChemUtry^ yol. xviii., and Wilkinson, yoL it 
t Phil. Magazine, 180& 
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is contioually reduced upon the negative plate." And again, when 
speaking of Daniell^s battery, he says — ^'Mr. M. De la Kue experimented 
on its properties, and found the copper plate also covered with a 
coating of metallic copper, which is continually being deposited ; and 
so perfect is the sheet of copper thus formed, that being stripped 
off, it has the coimterparts of every scratch of the plate on which it is 
deposited." * 

Doubtless these experiments border very closely upon the discovery ; 
but yet they have no more claim to serve as dates to its origin than 
those we have been referring to. But if it be necessary that an origi- 
nating experiment must have a resemblance to that which it suggests — 
such as Daniell^s battery, and the single cell of electro-metallurgy — ^why 
omit to refer to Dr. Wollaston^s earlier experiments of 1801 ? He says 
— ** If a piece of silver, in connection with a more positive m^etal, be put 
into a solution of copper, the silver is coated over with the copper, 
which coating will stand the operation of burnishing." f But in our 
opinion none of these results originated; electro -metallurgy ; the dis- 
covery of that art, although it is an application of such results as we 
have described, was as- original on the part of the discoverers, and as 
unconnected with these results at the^ time it was made, as it would have 
been had the earlier observations^ never been published. The discovery 

seems to have been deduced from results which the discoverers had 
■ 

obtained in their own experiments, not even while searching for such a 
discovery, but during investigations instituted for other purposes. . 

Use of Observed Facts. — It must not be supposed that we depreciate 
the value of the published facts upon the decomposition of salts, nor 
that we overlook their relation to the discovery which followed ; for the 
multiplication of facts, and the improvement of instruments for experi- 
menting, enlarge our knowledge of the princ%>les to be investigated or 
applied ; they facilitate inquiry, and increase the number of obseinrers. 
What we mean is, that the discovery of the art of electro-metallurgy is not 
the discovery of the fact that a current of electricity passing through a 
solution of a compound decomposes that compound, anduthat if the com- 
pound be a salt of a metal, the metallic element will be deposited upon 
one of the electrodes ; but it is the idea of applying this fact to the arts 
and manufactures of the country, and the carrying out this idea to a 
practical issue. None of the published experiments upon the decom- 
position of salts by an electric current ever suggested thei^ application 

* Smee, Elements of Electro-Hfetallurgy^ 2nd Edltion,>1843.' 
t PhilosophiccU TransaeUans, 180L. 
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to the arts. Cruikshanks did snggest its application to the assaying of 
metallic ores — a suggestion repeated by others many years after, and 
adopted for a time by seyeral chemists ; and Dr. Wollaston^s hint that 
copper deposited npon silver conld stand the operation of burnishing 
was not taken advantage of, and cannot be put forth as suggesting 
electro-metallurgy. The circumstances connected with the discovery of 
the art of electro -metallurgy — of the application of the decomposing 
force of an electro current passing through a solution, will illustrate 
these observations. 

Spencer's First Experiments.-— Mr. Thomas Spencer, of Liverpool, 
states that, in 1837, while experimenting with a modification of a 
Daniell's battery, he used a penny piece instead of a plain piece of 
copper, as a pole. Copper was deposited from the solution upon it, 
and on removing the vrire which attached the penny to the zihc plate he 
also pulled off a portion of the deposited copper, which he found to be 
an exact counterpart or mould of a part of the head and letters of the 
coin as smooth and sharp as the original. But this did not suggest to him 
any useful application, and was no more t^ian Daniell and others had 
observed, and not until some time after he dropped, accidentally, a little 
varnish upon a slip of copper which he was about to use in the same 
way as he had used the penny piece. On finding that no deposit of 
copper took place on the parts where the varnish had dropped, he then 
conceived the idea of applying this principle to the arts, by coating a 
piece of copper with varnish or wax, and cutting a design through the 
wax or varnish, leaving the copper bare, and then depositing upon these 
parts, so that upon removing the varnish the design would be left in 
relief. We thus see that Mr. Spencer's first idea of the application of 
depositing a metal from a solution to the arts was very limited — an 
application that has never been very extensively carried into practice, 
although several patents have been taken out for the purpose of forming 
by this means printing blocks both for paper and calico. 

Jacobi's Experiments.— While Mr. Spencer was following up these 
ideas, the following paragraph appeared in tiie Athenasum for 4th May, 
1839:— 

" Galvanic Engraving in ifeK«/.— While M. Daguerre and Mr. Fox 
Talbot have been dipping their pencils in the solar spectrum, and 
astonishing us with their inventions, it appears that Professor Jacobi, 
at St. Petersburg, has also made a discovery which promises to be of 
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little less importance to the arts. He has f oond a method — ^if we imder- 
atand our iiiformant rightly — of eonverting any line, however fine, 
engraved on copper, into a relief, by galvanic process. The Emperor 
of Eussia has placed at the professor's disposal funds to enable him to 
perfect his discovery." 

In consequence of this announcement, Mr. Spencer, on the 8th of 
May, 1839, gave notice to the Liverpool Polytechnic Institution, that 
he should make a communication to them of his process for effecting 
results similar to those of Professor Jacobi. But Mr. Spencer appears 
to have changed his intention of reading it to the above institution, in 
order to have it read at the meeting of the British Association, which 
was to take place a short time after. 

Jordan's Experiments. — Meanwhile the announcement of the Athe- 
nseum was quoted in the London Mechanics^ Magazine for May 11th, 
1839, which brought forth a letter from Mr. C. J. Jordan, a book 
printer, dated 22nd May, 1839, and published on tho 8th June of the 
same year in the London Mechanics^ Magazine. In this letter Mr. Jordan 
describes his experiments upon tiie same subject, detailing the method 
of procuring electrotypes, and offering hints for their application which 
have since been acted upon with considerable success. The following 
MB a copy of Mr. Jordan's letter, which was, no doubt, the first published 
description of the art in this country :-- 

Engraving hy Galvanism, 

*' Sir, — Observing in the last page of a recent number of your mi^^azine 
a notice extracted from tlie Athenasum, relative to a discovery of Professor 
Jacobi, its perusal occasioned the recollection of some experiments per- 
formed about the commencement of last summer, with the view of 
obtaining impressions from engraved copper plates, by the aid of 
galvanism, which led me to infer some analogy in principle with those 
of the Russian professor, and may probably give me the right to chum 
priority in its discovery and application. These experiments were 
abandoned from ihe want of that most important element in pursuits of 
this nature — ^time, the writer's share of the said element being occupied 
in a manner more imperative than pleasing. I regret, however, not 
having made it the subject of an earlier communication, as this would 
have placed my pretensions beyond doubt ; but inasmu<;h as the notice 
alluded to is given from memory, and is undescriptive, while I may be 
enabled to exhibit the modus operandi^ my assertion may be at least 
partially substantiated. 
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« 

** It is well known to experimentalists on the chemical action of voltaic 
electricity, that solutions of several metallic salts are decomposed by its 
agency, and the metal procured in a free state. Such results are very 
conspicuous with copper salts, which metal may be obtained from its 
sulphate (blue vitriol), by simply immersing the poles of a galvanic 
battery in its solution, the positive wire becoming gradually coated with 
copper. This phenomenon of metallic reduction is an essential feature 
in the action of sustaining batteries, the effect, in this case, taking place 
on more extensive surfaces. But the form of voltaic apparatus which 
exhibits this result in the most interesting manner, and relates more im- 
mediately to the subject of the present communication, may be thus 
described : — It consists of a glass tube, closed at one extremity with a 
plug of plaster of Paris, and nearly filled with a solution of sulphate of 
copper ; this tube audits contents are imtuersed in a solution of common 
salt. A plate of copper is placed in Hie first solution, and is connected, 
by means of a wire and solder, with a zinc plate which dips into the 
latter. A slow electric action is thus established through the pores of 
the plaster, which it is not necessary to* mention here — ^the result of which 
is the precipitation of minutely crystallised copper on the plate of that 
metal, in a state of greater or less malleability according to the slowness 
or rapidity with which it is deposited. In some experiments of this 
nature, on removing the copper thus formed, I remarked that the surface 
in contact with the plate equalled the latter in smoothness and polish, 
and mentioned this fact to some individuals of my acquaintance. It 
occurred to me, therefore, that if the surface of the plate was engraved, 
aji impression might be obtained. This was found to be the case ; for, 
on detaching the precipitated metal, the most delicate and superficial 
markings, from the fine particles of powder used in polishing to the 
deeper touches of a needle or a graver, exhibited their correspondent 
impressions in relief with great fidelity. It is, therefore, evident that 
this principle will admit of improvement, and that casts and moulds 
may be obtained from any form of copper. 

'^ This rendered it probable that impressions may be obtained from 
those other metals having an electro -negative relation to the zinc plate 
of the battery. With this view, a common printing type was substituted 
for the copper plate, and treated in the same manner. 

This also was successful ; the reduced copper coated that portion 
of the type immersed in the solution. This, when removed, was 
found to be a perfect matrix, and might be employed for the purpose 
of casting where time is not an object. 

^'It appears, therefore, that this discovery may be turned to some 
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practical account. It may be taken advantage of in procuring casts 
from various metals, as above alluded to ; for instance, a copper die 
may be formed from a cast of a coin or medal in silver, type metal, 
or lead, &c., which may be employed in striking impressions in soft 
metals. Casts may probably be obtained from a plaster surface sur- 
rounding a plate of copper; tubes or any small vessels may also be 
made by precipitating the metal around a wire, or any kind of sur- 
face, to form the interior, which may be removed mechanically by 
the aid of an acid solvent or by heat. 

" C. J. Jordan. 

^^ To the Editor of the London Mechanics^ Magasdne,^^ 

Clear and perspicuous as this letter is, it did not attract the slightest 
notice. And a few weeks after, we find that its existence was for- 
gotten even ^y the editor of the magazine in which it appeared. 

Spencer's First Printed Paper upon Electrotype. — ^Mr. Spencer's 
communication referred to above, was, in consequence of some mis- 
understanding, not read at the meeting of the British Association, 
but it was immediately afterwards read before the Polytechnic Insti- 
tution of Liverpool, at their meeting on the 13th September, 1839, 
which was upwards of three months after the publication of Mr. 
Jordan's letter in the London Mechanics- Magazine. Mr. Spencer's 
paper was accompanied with specimens both of electrotypes and of 
printing from electrotypes. The publication of this paper acted like 
an electric shock upon society, and men both of science and art 
became active competitors in this new field of application; the one 
class anxious to bear away the honours arising from some important 
improvement; the other, the profits which might follow some novel 
application of the process to their own or some other branch of 
manufacture. Indeed, thousands of all classes and ages, who had 
never previously given science a passing thought, became fascinated 
with the new art, and — ^the process being simple and easy to perform 
— the amateurs soon became excellent electro typists. With these 
combined efiPorts, it need not be wondered at that in a very short 
time improvements of great scientific interest were pointed out, and 
applications of the greatest importance to the arts and manufactures 
of this country were introduced. In consequence, some of our old 
and standard manufactures, as we shall subsequently have occasion 
to notice at some length, have been completely revolutionised. 
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Historical Anomaly. — During a period of nearly five years — ^while 
the country was passing through an electrotyping mania — ^Mr. Spencer 
held the undiyided honour of being the first to apply the deposition of 
metals to practical purposes in this country; but early in 1844, Mr. 
Henry Dircks, in a letter to the London Mechanics' Magazine^ revived 
Mr. Jordan's letter, and told us that he was aware of its existence 
from the time of its first publication. We cannot eulogise either the 
policy, or the love of scientific truth, which induced Mr. Dircks to 
remain silent so long, and see the claims of Mr. Jordan set aside by 
one whom he considered to be a mere pretender to the merit of the 
discovery. Nor after a careful and impartial examination of all the 
details published on the subject, can we agree to his condemnation 
of Mr. Spencer's prior claims; as he, Mr. Spencer, upon the 8th of 
May, as already noticed, stated to a public meeting of tiie Polytechnic 
Society of Liverpool, that he had made a similar discovery previous 
to any knowledge of either what Jordan or Jacobi had done, and 
which was a publication as much as if printed in the Times or 
Athenseum, and especially when followed by a detailed description of 
the discovery. 

It is to be regretted that Mr. Jordan's diffidence, which in this 
case was far from being commendable, prevented his setting the 
public right upon this important matter. As a consequence, he must 
now be content with a much smaller share of the honour of the 
discovery than he might have enjoyed. 

On reviewing the circumstances of this discovery, it strikes us as 
being a remarkable instance of the xmity of intellectual perception 
in reference to the general principles of Nature and their applications ; 
for we believe that Professor Jacobi, Mr. Spencer, and Mr. Jordan 
viewed the subject of electro-depositions in the same light, and about 
the same time ; and each, according to their several abilities, presented 
to the public the same discovery, independent of the other, excepting 
the announcement made by one having hastened the publication of 
the observations of the others. 

It is remarkable that the applications referred to by all the three 
discoverers are nearly of the same character, and connected with 
printing. None of the three seems to have seen the more direct 
application of the deposition of one metal upon another as a coating, 
either as a protection against oxidation, as covering iron with copper, 
tin, or zinc, or for coating cheap and inferior metals with the precious 
and expensive metals, such as plating and gilding. That application was 
reserved for those who understood these arts and their requirements. 
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The following is Mr. Spencer's original paper on electro-metallurgy, 
which we give at length, tnisting that its importance in connection 
with the history of the art, and the lucid description of its practice, 
will serve as a sufficient apology for not abridging it : — 

»' On Working in Metal by Voltaic Electricity, reprinted from 
THE Paper Published by the Liverpool Polytechnic Society, and 
read at the Meeting of September the 12th, 1839, Notice being 
GIVEN May the 8th — Henry Booth, Esq., President, in the Chair. 

*'In the paper that I have the honour to lay before the Society, I 
do not profess to have brought forward a perfect invention. My 
only object is to point out a means by which, I hope, practical men 
may be enabled to apply a great and universal principle of Nature 
to the useful and ornamental purposes of life. In this I may be 
considered sanguine — an error, I am aware, too often fallen into by 
those who, like myself, imagine they have discovered a useful appli- 
cation of an important principle; but however this may fall out, I 
shall lay an account of its results, with specimens, successful and 
unsuccessful, before the members and the public, — ^previously stating, 
however, that all my first experiments were made on a small scale— 
a method of procedure attended with many advantages to the ex- 
perimentalist himself, but having its disadvantage when laid before 
the public. In this first respect, perhaps, the chemical experimenter 
has an advantage over the mechanical one, as the success of his 
experiment, when tried on a small scale, doubly guarantees it if 
conducted on a still larger scale; with mechanical results I believe 
in most instances it is the reverse. But when the chemist produces 
his microscopic proofs, the public are generally slow to believe that 
such minute appearances should warrant him in coming to any 
general conclusion. 

^^In the latter part of September, 1837, I was induced to make 
some electro-chemical experiments, with single pairs of plates, con- 
sisting of small pieces of zinc and equal-sized pieces of copper, con- 
nected together with wires of the latter metal. It was intended that 
the action should be slow: the fluids in which the metallic electrodes 
were immersed were in consequence separated by thin discs of plaster 
of Paris. In one cell thus formed was placed sulphate of copper in 
solution, — in the other, a weak solution of common salt. I need 
scarcely add that the copper electrode was placed in the cupreous 
solution, the other being in that of the salt. I mention these experi- 
ments briefly, — ^not because they are directly connected with what I 
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shall have to lay before the Society, but because, by a portion of 
their results, I was induced to come to the conclusions I have done 
in the following paper. I was desirous that no action should take 
place on the wires by which the electrodes were held together; and 
to attain this object I varnished them with sealing-wax varnish ; 
but in one instance I dropt a portion on the copper electrode that 
was attached. I thought nothing of this circumstance at the moment, 
but put the experiment in action. 

*^This operation was conducted in a glass vessel; I had conse- 
quently an opportunity of occasionally examining its progress from 
the exterior. After the lapse of a few days, metallic crystals had 
covered the copper electrode, — with the exception of that portion which 
had been spotted with the drops of varnish. I at once saw that I 
had it in my power to guide the metallic deposition in any shape or 
form I chose, by a corresponding application of varnish or other 
non-metallic substance. ' 

*' I had been aware of what every one who uses a sustaining gal- 
vanic battery with sulphate of copper in> solution must know, that 
the copper plates acquire a coating of c(^per from the action of the 
battery ; but I had never thought of a^^lying it to a useful purpose, 
except to multiply the plates- of a species of battery, which I did in 
1836. My present attempt was with a piece of thin copper plate, 
having about four inches of superficies, with an equal-sized piece of 
zinc, connected as before- by a piece of copper wire. I gave the 
copper a coating of soft cement, consisting of bees-wax, resin, and 
a red earth. It was compounded in. the manner recommended by 
Dr. Faraday, in his work on Chemical Manipulation^ but with a 
larger proportion of wax. The plate- received its coating while hot. 
When it was cold, I scratched the initials of my name rudely on the 
plate, taking special care that the cement was quite removed from 
the scratches, that the copper might be thoroughly exposed. This 
was put in action in a cylindrical glass vessel, about half filled with 
a saturated solution of sulphate of copper. I then took a common 
gas glass, similar to that used to envelop an argand burner, and 
filled one end of it with plaster of Paris, to the depth of three-quarters 
of an inch« Into this I put water, adding a few crystals of sulphate 
of soda to excite action, the plaster of Paris acting as a partition to 
separate the fluids, but at the same time being sufficiently porous to 
allow the electro-chemical action to permeate its substance. 

^* I now bent the wire in such a manner that the zinc end of the 
arrangement should be in the saline solution, while the copper end, 
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when in its place, should be in the cnpreons solution. The gas glass, 
with, the wire, was then placed in the vessel containing the sulphate of 
copper. 

^'It was then suffered to remain at rest, when in a few hours I per- 
ceived that action had commenced, and that the portion of the copper 
rendered bare by the scratches had become gradually coated with pure 
bright deposited metal, whilst all the surrounding portions were not at 
all acted on. I now saw my former observations realised ; but whether 
the deposition so formed would retain its hold on the plate, and whether 
it would be of sufficient solidity or strength to bear the working if 
applied to a useful purpose, became questions which I now determined 
to solve by experiment. It also became a question — should I be 
successful in these two points — whether I should be able to produce 
lines sufficiently in reHef to print from. This ktter appeared to depend 
entirely on the nature of the cement or etching-ground I might use. 

^^ This I endeavoured to solveat once ; and, I may state, it appeared 
at the time to be the main difficulty, as my impression then was, that 
tittle less than one-eighth of an inch of retief would be requisite to 
print from. 

^* I now procured a piece of copper, and gave it a coating of a modi- 
fication of the cement I have already mentioned, and having covered it 
to about one-eighth of ^n inch in thickness, I took a steel point and 
endeavoured to draw lines in the form of network, that should entirely 
penetrate the cement, and leave the surface of the copper exposed. But 
in this I experienced much difficulty from the thickness I deemed it 
necessary to use, more especially when I oame to tlraw the cross lines 
of the network. The cement being soft, the tines were pushed, as it; 
were, into each other, and when it was made of harder texture, the 
intervening squares of the network chipped off the surface of the 
metallic plate. However, those that remained perfect I put in action 
as before. 

'^In the progress of this experiment I discovered that the sotidity of 
the metaltic deposition depended entirely on the weakness or intensity 
of the electro-chemical action, which I knew I had in my power to 
regulate at pleasure, by the thickness of the intervening wall of plaster 
of Paris, and by the coarseness or fineness of the material. I made 
three similar experiments, altering the texture and thickness of the 
plaster each time, by which I )ascertained that if the partitions were thin 
and coarse, the metallic depositions proceeded with great rapidity, but 
the crystals were friable and easily separated ; on the other hand, if I 
made them thicker, and of a tittle finer material, the action was slower, 
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bnt the metallic deposition was as solid and ductile as copper formed 
by the usual methods, — ^indeed, -when the action was exceedingly slow, 
I have had a metallic deposition apparently much harder than common 
sheet copper, but more brittle. 

^^ There was one most important and, to me, discouraging curcum- 
stance attending these experiments, which was, that when I heated the 
plates to get off the covering of cement, the meshes of copper network 
occasionally came off with it, I at one time imagined this difficulty 
inseparable, as it appeared that I had cleared the cement entirely from 
the surface of the copper that I meant to have exposed; and I concluded 
that there must be difference in the molecular arrangement of copper 
prepared by heat and that prepared by voltaic action, which prevented 
their chemical combination. However, I determined, should this prove 
so, to turn it to account in another manner, which I shall relate in the 
second portion of the paper. 

^^ I now occupied myself for a considerable period in making experi- 
ments on this latter section of the subject. 

<^ In one of them I found, on examination, that a portion of the copper 
deposition, which I had been forming on the surface of a coin, adhered 
so strongly that I was quite unable to get it off, — indeed, a chemical 
combination had apparently taken place. This was only on one or two 
spots on the prominent parts of the coin. I immediately recollected 
that, on the day I put the experiment in action, I had been using nitric 
acid for another purpose on the table I was operating on, and that in 
all probability the coin might have been laid down where a few drops 
of the acid had accidentally fallen. Bearing this in view, I took a piece 
of copper, coated it with cement, made a few scratches on its surface 
until the copper appeared, and immersed it for a short time in dilnte 
nitric acid, until I perceived, by an elimination of nitrous gas, that the 
exposed portions were acted upon sufficientiy to be slightiy corroded. 
I washed the copper in water, and put it in action as before described. 
In forty-eight hours I examined it, and found the lines were entirely 
filled with copper. I applied heat, and then spirits of turpentine, to get 
off the cement, and, to my satisfaction, I found that the voltaic copper 
had completely combined itself with the sheet on which it was de- 
posited. 

*^ I then gave a plate a coating of cement to a considerable thickness, 
and sent it to an engraver ; but when it was returned I found the lines 
were cleared out so as to be wedge-shaped, or somewhat in the form of 
a V, leaving a hair-line of the copper exposed at the bottom, and a 
broad space near the surface ; and where tiie turn of the letters took 
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place, the top edgea of the lines were galled and rendered rugged by 
the action of the graver. This, of course, was an important objection, 
which I haye since been able to remedy in some degree by an alteration 
in the shape of the graver, which should be made of a shape more 
resembling a narrow parallelogram than those in common use : some 
engravers have many of their tools so made. I did not put this plate in 
action, as I saw that the lines, when in relief, would have been broad at 
the top and narrow at the bottom. I took another plate, gave it a 
coating of the wax, and had it written on with a mere point. I deposited 
copper on the lines, and afterwards had it printed from.* 

^'I now considered part of the difficulties removed: the principal one 
yet remaining was to find a cement or etching-ground, the texture of 
which should be capable .of being cut to the required depth, without 
raising what is technically termed a burr, and at the same time of 
sufficient toughness to adhere to the plate when reduced to a small 
isolated point, which would necessarily occur in the operation which 
wood-engravers term cross-hatching. 

^* I have since learned, from practical engravers, that much less relief 
is necessary to print from than I had deemed indispensable, and that, 
on becoming more familiar with the cutting of the wax-cement, they 
would be enabled to engrave in it with great facility and precision. 

^* I tried a number of experiments with different combinations of wax, 
resins, varnishes, earths, and metallic oxides, all with more or less 
success. One combination that exceeded all others in its texture was 
principally composed of bees^-wax, resin, and white lead. This had 
nearly every requisite, so that I was enabled to poli^ the surface of the 
plate with it until it was nearly as smooth as a plate of glass. With 
this compound I had two plates, five inches by seven, coated over, and 
portions of maps cut on the cement, which I had intended should have 
been printed off. I applied the same process to these as to the others, 
immersing them into dilute nitric acid before putting them in action — 
indeed, I suffered them to remain about ten minutes in the solution. I 
then put them into the voltaic arrangement. The action proceeded 
slowly and perfectly for a few days, when I removed them. I applied 
heat, as usual, to remove tiie cement, but aU came away, as in a former 
instance — ^the voltaic copper peeling off the plate with the greatest 
facility. I was much puzzled at this unexpected result ; but, on cleaning 
the plate, I discovered a delicate trace of kady exactly corresponding to 
the lines drawn on the cement previous to the immersion in the dilute 
add. The cause of tiiis failure was at once obvious : the carbonate of 

* This plate was shewn to friends, and also spedmens of printing ftom it, in 183S. 
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lead I had ased to componnd the etching-ground had been decomposed 
by the dilute nitric acid, and the metallic lead thus reduced had 
deposited itself on the exposed portions of the copper plates, prevent- 
ing the voltaic copper from chemically combining with the sheet copper. 
I was now with regret obliged to give up this compound and to adopt 
another, consisting of bees^-wax, common resin, and a small portion of 
plaster of Paris. This seems to answer the purpose tolerably, though 
1 have no doubt, by an extended practice, a better may still be obtained 
by a person practically acquainted with the etching-grounds in use 
among engravers. 

'' I now proceed to the second, and I believe the most satisfactory 
portion of the subject. Although I have placed these experiments last, 
some of them were made at the same time with the others already 
described, and some of them before ; but to render the subject more 
intelligible, I have placed them thus. 

" The members of the Society will recollect that, on the first evening 
it met, I read a paper on the * Production of Metallic Veins In the Crust 
of the Earth,* and that among other specimens of cupreous crystallisa- 
tion which I produced on that occasion, I exhibited two coins — one 
wholly covered with metallic crystals, the other on one side only. It 
was used under the following circumstances : — ^When about to make the 
experiment, I had not a slip of copper at hand to form the negative end 
of my arrangement, and, as a good substitute, I took a penny and 
fastened it to one end of the wire, and put it, in connection with a piece 
of zinc, in the apparatus already described. 

" Voltaic action took place, and the copper coin became covered with 
a deposition of copper in a crystalline form. But when about to make 
another experiment, and being desirous of using the piece of wire used 
in the first instance, I pulled it off the coin to which it was attached. 
In doing this, a piece of the deposited copper came off with it; on 
examining the under portion of which, I found it contained an exact 
mould of a part of the head and letters of the coin, as smooth and 
sharp in every respect as the original on which it was deposited. I was 
much struck with this at the time ; but, on examination, the deposition 
metal was very brittie. This, and the fact that it would require a 
metallic nucleus to aggregate on, made me apprehensive that its future 
usefulness would be materially abridged ; but it was reserved for future 
experiment, and in consequence laid aside for a time, until my attention 
was recalled to the subject in a subsequent experiment, already detailed, 
by the drops of varnish on a slip of copper. Finding in that instance that 
the deposit would take the direction of any non-conducting material, and 
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be, as it were, guided by it, I was induced to give the previooB branch 
of the subject a second trial, because I had, in the first instance, sup- 
posed that the deposition would only take place continuously, and not 
on isolated specks of a metallic surface, as I now found it would ; but 
the principal inducement to investigate the subject was the fact of 
finding that the deposited copper had much more tenacity than I at 
first imagined. 

^^ Being aware of the apparent natural law which limits metallic 
deposition by voltaic electricity, excepting in the presence of a metallic 
body, I perceived that the uses of the process would in consequence 
be extremely limited, except in the multiplication of already engraved 
plates, as, whatever ornament it might produce, it would only be done 
by adhering to the condition of a metallic mould. 

^' I accordingly determined to make an experiment on a very pro- 
minent copper medal. It was placed in a voltaic circuit, as already 
described, and deposited a surface of copper on one of its sides, to 
about the thickness of a shilling. I then proceeded to get the deposi- 
tion off. In this I experienced some difficulty, but ultimately succeeded. 
On examination with a lens, every line was as perfect as the coin from 
which it was taken. I was then induced to use the same piece again, 
and let it remain a much longer time in action, that I might have a 
thicker and more substantial mould, in order to test fairly the strength 
of the metaL It was accordingly put ag^un in action, and let remain 
until it had acquired a much thicker coating of the metallic deposition ; 
but on attempting to remove it from the medal I found I was unable. 
It had apparently completely adhered to it. 

^^I had often practised with some d^ree qf success a method of 
preventing ihe oxidation of polished steel, by slightly heating it until it 
would melt fine bees^-wax ; it was then wiped apparently completely off, 
but the pores xyr surface oi the metal became impregnated with the wax. 

^^ I thought of this method, and applied it to a copper coin. 

^* I first heated it, applied wax, and then wiped it so completely off, 
that the sharpness of the coin was not at aU .interfered with. I pro- 
ceeded as before, and deposited a thick coating of copper on its surface. 
Being desirous to take it off, I applied, the heat of a spii;it-lamp to the 
back, when a sharp crackling noise took place, and I had the satisfaction 
of perodiving that the coin was completely loosened. In short, I had a 
most complete and perfect copper mould of one side of a halfpenny. 

^^ I have since taken some impressions from the mould thus taken, 
and by adopting the above metibod with the wax, they are separated 
with t^ greatest ease. 

B 
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*^ By this experiment it would appear that the wax impregnates the 
surface of the metal to an inconsiderable depth, and prevents a chemical 
adhesion from taking place on the two surfaces; and I can only account 
for the crackling noise on separation, by supposing it probable that the 
molecular arrangement of the voltaic metal is different from that sub- 
jected to percussion, and this difference causes an unequal degree of 
expansibility on the application of heat. 

*'I became now of opinion that this latter method might be applied 
to engraving much better than the method described in the first portion 
of this paper. Having found in a former experiment that copper in a 
voltaic circuit deposited itself on lead with as much rapidity as on 
copper, I took a silver coin and put it between two pieces of ciean 
she^-lead, and placed them under a common screw-press. From the 
softness of the lead, I had a complete and sharp mould of both sides of 
the coin, without sustaining injury. I then took a piece of copper wire, 
soldered the lead to one end and a piece of zinc to the other, and put 
them into the voltaic arrangement I have already described. I did not 
in this instance wax the mould, as I felt assured that the deposited 
copper would easily separate from the lead by the application of heat, 
from the different expansibility of the two metals. 

^' In this result I was not disappointed. When the heat of a spirit- 
lamp was applied for a few seconds to the lead, the copper impression 
came easily off. So complete do I think this latter portion of the sub- 
ject, that I have no hesitation^ in asserting that facsimiles of any coin 
or medal, no matter of what size, may be readily taken, and as sharp as 
the original. To test further the capabilities of this method, I took a 
piece of lead plate, and stamped some letters on its surface to a depth 
sufficient to print from when in relief. I deposited the copper on it, 
and found it came easily off, the letters being in relief. 

^^ Finding from this experiment that the extreme softness of lead 
allowed it to be impressed on by type metal, I caused a small portion 
of ornamental letterpress to be set up in type, and placing it on a 
planed piece of sheet-lead, it was subjected to the action of a screw- 
press. 

<^ After considerable pressure, it was found that a perfectly sharp 
mould of the whole had been obtained in the lead. A wire was now 
soldered to it, and it was placed in an apparatus similar in principle, 
but larger than the one already described. At the end of eight days 
from this time, copper was deposited to one-eighth of an inch in thick- 
ness ; it was then removed from the apparatus, and the rough edges of 
the deposited copper being filed off, it was subjected to heat, when the 
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two metals began to loosen. The separation was completed by insert- 
ing a piece of wedge-shaped wood between them. 

^^ I had now the satisfaction of perceiving that I had by these means 
obtained a most perfect specimen of stereotyping in copper, which had 
only to be mounted on a wooden block to be ready to print from. 

^^ From the successful issue of this experiment, which was mainly due 
to the susceptibility of the lead, I was induced to attempt to copy a 
wood engraving by a similar method, provided the wood would bear the 
requisite pressure. Knowing that wood engravings are executed on the 
end of the block, I had better hopes of succeeding, the wood being less 
likely to sustain injury. 

'' I accordingly procured a small wood blodc, and placed its engraved 
surface in contact with a piece of sheet lead made very clean, and 
subjected it to pressure as in the f oimer instance. I had now, as before, 
the gratification of perceiving that a perfect mould of the little block 
had been obtained, and no injury done to the original Several w6od 
engravings and copperplates were subjected to similar treatment, and 
are now in process of being deposited on in the apparatus before me. 

*' I now come to the third and concluding portion of the experiments 
on this subject. The object being to deposit a metallic surface on a 
model of clay, wood, or other non-metallic body, as otherwise I 
imagined the application of this principle would be extremely limited. 
Many experiments were made to attain this result, which I shall not 
detaO, but content myself with describing those which were ultimately 
most successful. 

"I procured two models of an ornament,— one made of clay, and the 
other of plaster of Paris — soaked them for some time in linseed-oil, took 
them out, and suffered them to* dry, first getting the oil clean off the 
surface. When dry, I gave them a thin coat of mastic varnish. When 
the varnish was nearly dry, hut not thoroughly «o, I sprinkled some bronze 
powder on that portion I wished to make a mould of. This powder is 
principally composed of mercury and sulphur, or it may be chemically 
termed a sulphuret of mercury. There is a sort that acts much better, 
in which is a portion of gold. I had, however, a complete metalliferous 
coating on the surface of the model, by which I was enabled to deposit 
a surface of copper on it by the voltaic method I have already described. 
I have also gilt the surface of a clay model with gold leaf, and have 
been successful in depositing copper on its surface. There is likewise 
another, and, as I trust it will prove, a simpler method of attaining this 
object ; but as I have not yet sufficientiy tested it by experiment, I shall 
take another opportunity of describing it.'' 
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[At the close of the paper, several specimens of coins, medals, and 
copper plates, some of them in the act of formation hj the Toltaic 
process, were exhibited by Mr. Spencer to the Society.] 



Plumbago as a Coating. — Shortly after Mr. Spencer's paper was 
published, several important improvements were introduced, one or two 
of which we will refer to here, and will give the others when detailing 
the processes to which the improvements were applied. The first was 
the use of plumbago or blacklead, to give the surface of non -metallic 
bodies a conducting property. This was the discovery of the late Mr. 
Kobert Murray, a gentleman of high attainments and unassuming 
manners, who communicated the process to the members of the Royal 
Institution orally. The Society of Arts afterwards awarded to Mr. 
Murray a silver medal, as an expression of their sense of the value of the 
discovery. Seldom was reward more deserving, or a discovery more 
important to the purposes to which it was to be applied, for this applica- 
tion at once freed electro-metallurgy from every bond : it was no longer 
necessary to use either metallic moulds, or moulds having metal reduced 
upon their surfaces by chemical means — which, according to the pro- 
cesses then known, was both tedious and uncertain, and only applicable 
to certain substances. Plumbago possessed all the requisite properties : 
it was convenient, plentiful, and cheap, easily applied, and equally 
effective for every substance on which the electrotypist desired to 
obtain a deposit, or which he could wish to cover with metal, either 
for useful or ornamental purposes. 

Separate Battert. — ^The second improvement is one that must have 
followed the original discovery very soon, namely, the application of a 
separate battery for the purposes of deposition. Although those instances 
of deposition of metals which have been referred to in Hie early history 
of galvanism were effected by means of separate batteries, — ^namely, by 
placing the ends of the wires attached to the terminals of the battery in 
the solution to be decomposed, still the discovery under consideration 
was made by means of what is termed the single cell, or modification of 
Dftniell's battery. It consisted in simply attaching by a wire the article 
upon which a deposition was to be made to a piece of zinc, and immers- 
ing the zinc in diluted acid, and the other article in a solution of the 
metal to be deposited; the two liquids being separated by a porous 
partition, or diaphragm, such as moist bladder or unglazed porcelain. 
In this case the whole electricity was expended within the cell, to 
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deposit Uie metal within or apon the mould. Mr. Mtson suggevted 
makiagr the original aJrangemeDt, or single cell, the generating cell ot 
batter; to a second cell. In this last cell was also a solntion of a metal 
having in it a sheet of similar metal attached to the copper of the first 
cell, and Hie mould to be covered waa attached to the zinc of the first 
celL Fig. 2 is an illustration of Mason's improTement, which consisted 
in causing a medal, in the act of being deposited, to serve as a battery 
for the deposition of another medaL o>, Outer vessel filled with 
sulphat« of copper ; 0*, another vessel, with P, a porous cell filled with 
dilute acid, in which is placed z, a zinc plate, which is connected by a 
wire with a medal m' in the second vessel charged with sulphate of 
copper. The medal, m, in the first 
cell, 0' is connected by a wire to 
a piece of copper, c, in the second 
cell o* : the electricity passes from 
he zinc Z to m, and by the wire 
to C, then to m ', and by the wire 
back to the zinc z. 

Hiis arrangement of battery 
has not been of much use in the 
arts, or indeed in the operations 

of eleotrotyping : the ostensible Fig. 2. 

object was economy, but it is a very questionable economy, and qoite 
unsuited for manufacturing purposes where batteries are used, at the 
Bftme time. The suggestion was at once expanded into the using of a 
separate battery of any coDvenient constraction to the purpose of deposit- 
ing metals from their solutions in vessels outside of the battery, thtis 
putting into tite hands of the Tnanofacturing electro -metallurgist an 
iiutmment applicable to all kinds of solutions and metals, which the 
single cell was not, although for making and copying of medab in 
colder we consider the Btngle cell process the best. 

Laws op Deposttiok. — As might have been expected in the excite- 
ment occasioned by the aBoouncement of a new art, every individual 
experimenter became so engrossed by his own invesligationB and their 
resolU, as to overlook the labours of others, and at last to lay claim to 
tfae honour of originating aU the discoveries they announced ; while the 
truth is, that nearly all the important facts of electro -metallurgy appear 
to have occurred almost simultaneously to various experimenters. We 
shall quote one or two instances of these absorbing claims, as it is 
important to rectify the errors they contain, because no successful 
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labourer, however humble, in the field of science or art, should be over- 
looked by his fellow-labourer, whose opportunities for research may be 
much more favourable. 



Extract from Smee's ** Electro-Metallurgy,^ 

'^The laws regulating the reduction of -^ metals in different states 
were first given in this work as the result of my own discoveries. By 
these we can throw down gold, silver, platinum, palladium, copper, iron, 
and almost all oth^r metals, in three states, namely, — as a black powder, 
as a crystalline deposit, or as a flexible plate. These laws appear to me 
at once to raise the isolated facts known as the electrotype into a science, 
and to add electro-metallurgy as an auxiliary to the noble arts of this 
country.'' 

That Mr. Smee discovered the laws referred to we have not tlie 
slightest dodbt: they were published as law^in his book, and they are 
commonly quoted as Mr. Smee's ; nevertheless, he was not the first who 
discovered them ; the -same laws were pointed out by Mr. Spencer, in 
his original paper just quoted, published eighteen months previously to 
the appearance of Mr. Smee's work, as will be seen from the following 
extracts : — 



Laws given by Smee, 

"Law I. — The metals are in- 
variably thrown down as a black 
powder when the current of elec- 
tricity is so Strong, in relation to 
the strength of the solution, that 
hydrogen is evolved from the 
negative plate of the decomposi- 
tion cell. 

" Law n. — Every metal is thrown 
down in a crystalline state, when 
there is no evolution of gas from 
the negative plate, or no tendency 
thereto. 

" Law HI. — ^Metals are reduced 
in the reguline state when the 
quantity of electricity, in relation 
to'thcistcength of the solution,, is 



Laws given by Spencer, 

" I discovered that the solidity 
of the metallic deposition depended 
entirely on the weakness or in- 
tensity of the electro -chemical 
action, which I knew I had in my 
power to regulate at pleasure, by 
the thickness of fthe intervening 
wall of plaster of Paris, and by the 
coarseness or fineness of the ma- 
terial. Ijnade three similar experi- 
ments, altering the texture and 
thickness each time, by which I 
ascertained, that if the partitions 
were thin and coarse, the metallic 
deposition proceeded with great 
rapidity, but the crystals were 
friable and easily separated ; on the 
other hand, if I made them thicker, 
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insufficient to cause the production and of a Httle finer material, the 
of hydrogen in the negative plate action was slower, but the metallic 
of the decomposition trough, and deposition was as solid and ductile 
yet the quantity of electricity yery as copper formed by the usual 
nearly suffices to induce that phe- methods. Indeed, when the action 
nomenon.^' was exceedingly slow, I have had 

a metallic deposition much harder 
than common sheet copper, but 
more brittle." 

The identity of these deductions or laws requires no comment ; and, 
comparing the circumstances of the one having nothing but the rude 
apparatus of a new-bom art suggested by himself, to that of the other, 
enjoying the advantage of eighteen months^ improvements, Mr. Spencer 
is astonishingly correct, and his name should be identified with the 
discovery of these laws. The claim of originality involved in the in- 
ference drawn by Mr. Smee, though formidable at first sight, is never- 
theless without foundation. Mr. Smee says — *^ These laws appear to 
me at once to raise the ipolated fapl^ known as the electrotype into a 
science, and to add electro-metallurgy as an auxiliary to the noble arts of 
this country, ^^ Unfortunately for the validity of Mr. Smee's claim, 
patents were taken out long previous, both in England and France, for 
the application of the electro-depositions to the arts. And Messrs. 
Elkington^s patent for silvering and gilding by this process ~« patent 
which has not yet been superseded-«-was not only published in full 
detail, but was in extensive operation months before the publication of 
Mr. Smee^s book. Nevertheless, the publication of Mr. Smee^sbook did 
good service to the art of electrotyping ; and the invention of his battery 
has so identified his name with the science, that it will go down to 
posterity as the name of an active and successful labourer in the field 
of electricity : to Mr. Smee we owe, moreover, the very appropriate 
name for the art, EUctro-MetaUurgy. 

Works Published on Electro-Metallurgy. — ^Besides many interest- 
ing papers in journals and magazines, several separate works were 
published on this art. Some months previous to the publication of 
Mr. Smee's work, Mr. Spencer had given the world Instructions for the 
MuUipHcationof Works of Art in Metal by Voltaic Electricity ; and shortly 
after Mr. Smee's work appeared, we had, in rapid succession. Walker's 
Electrotype Manipulation, Sturgeon's Art of Ekctrotyping, Shaw's Manual 
of Electro-Metallurgy, &c., all shewing much practical knowledge on the 
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subject Walker's Manipulatum, from its practical nature and its concise 
form, became the fayonrite of the amateur, and did more to popularise 
the art than all the others put together ; and although little pretensions 
were made to originality, the author will not fail to have an honourable 
remembrance in the history of the art. 

Patents takei» out for Electro-Metallurgt. — So suddenly popular 
did electro- metallurgy become, and so numerous were the workers in 
the new art, and so eager was every one to find out something that was 
new in the mode of its application to manufactures, and to obtain a share 
of the benefits arismg from the suggestion, that no less than ten patents 
were taken out for new applications, between the discoyery of the art 
and the close of 1841 ; and not a year passed for a good many years after 
without adding patents for certain improvements, and applications of 
electro-metallurgy to some particular branch of manufacture, several of 
which will be noticed in their proper places ; many of them, although 
based upon right theoretical principles, were, commercially speaking, 
entire failures, owing to practical difficulties not foFeseen by the patentee 
affecting the economical working, oi the patent.. 



DESCRIPTION OF GALVANIC BATTERIES, AND 
THEIR RESPECTIYE PECULIARITIES. 



NoMENGLATUSE.-^The terms that are employed to denote the Tarious 
parts of a galvanic battery, and of other electrotype arrangements, 
freqxienily pnoie the student, and lead him into difficulties. Before 
we proceed to^ describe the various forms of the battery, we shall, 
for this reason, give a preliminary account of the nomenclature of 
galvanism. , 

Hie two extremities of a battery have long^ been called Poks; one 
of them the Positive^ and th'e other the Negative Pole. But objections 
were taken to the use of the terms negatvoej positive^ and poJe^ on the 
ground that such terms do* not convey a correct idea of the circum- 
stances or of the effects produced. Before connecting the two metals 
or extremities of a battery; there is no electiricity evolved, nor is 
there ai^ electrical tension on any port of the arrangement; and 
when the connection is formed the electncity simply makes a circuit; 
it ia thefefore supposed that no particidar portion of that circuit can 
be said to be dther negative or positive to anoth^ portion. 

Pboposed Tebms. — ^Various terms have been suggested as substi- 
tutes for negative and positive, and also for pole. The late Dr. 
Faraday proposed the following : — For pole, he substituted electrode, 
which signifies a way; for the negative pole, cathode, signifying down- 
wards; and for the positive pole, anode or upwards. To understand 
these terms properly, we must suppose a battery lying upon the ground 
with its copper (positive) end to the east, and the wire connecting 
the ends of the battery bent into an arch similar to the course of the 
Sim ; the electric current will thus flow up from the east end of the 
battery, and descend into it at the west end. The fluid that is 
decomposed by a current of electricity passing through it was termed 
by Faraday an electrolyte; the elements liberated by this decomposi- 
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tion he termed ionsj distinguishing those liberated at the cathode as 
cations, which in sulphate of copper would be the metal, and those 
liberated at the anode as anions, which would be the acid portion 
of the sulphate of copper. 

The late Professor Dauiell, disapproving of the terms cathode and 
anode, substituted platinode for the negative, aud zincode for the 
positive pole. We think these terms are better adapted for electro- 
metallurgy than cathode and anode, which have no direct reference 
to ordinary conditions; while zincode distinctly expresses the sub- 
stance dissolved, and platinode the element not acted upon. 

The late Professor Graham adopted the terms zincous and chlorous 
poles, as synonymous with zincode and platinode, or positive and 
negative. 

Although the terms positive, negative, and pole may not be the 
best, still, under all the conations of electro-metaUurgy, we deem 
them as appropriate f«r practical use as any of the proposed substi- 
tutes, some of which are based on supposed conditions which have 
not been proved, and may be found incorrect. 

When we shall have occasion to use the two terms poU and ekctrode, 
these will be used synonymously: positive and negative electrode are 
synonymous with positive and negative pole. 

Electrolyte will be applied to a sofaition undergoing deoomposition 
by the electric current passing through it. 

The positive electrode, or pole, is that metal in the electrolyte which 
is being dissolved, or, if not capable of being dissolved, at which the 
acid or solvent of the electrolyte is being liberated, as when sulphate 
of copper forms the electrolyte, the sulphuric acid is liberated. The 
negative electrode, or pole, is that metal or substance in the electrolyte 
upon which the metal is being deposited by the influence of the 
electric current, such as a medal upon whieh copper is being depo- 
sited in an electrotype process. 

BATTERIES. 

Single Pair of Plates. — ^If a piece of ordinary metallic zinc be put 
into dilute sulphuric acid, it is speedily acted upon by the acid, and 
hydrogen gas is at the same time evolved from its surface, having a 
disagreeable smell, arising from impurities contained in the zinc or 
atoid. If the zinc be taken out, and a little mercury be rubbed over 
its surface, an amalgamation takes place between the two metals: 
the plate becomes of a beautiful bright silver appearance. If the 
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zinc thoB amalgamated be again put into the dilnte acid, there, ia no 
action, for the mercury retains the zinc with anfflcient force to pro- 
tect it from the acid. If a piece of copper be immersed along with 
the zinc, and the two metAlfl be mode to tonch each other, a parti- 
cular influence is induced among Uie three elements, zinc, copper, and 
acid; the acid ^^ain acta upon the zinc as if no mercury was upon 
it, but the hydrogen is now seen to escape from the surface of the 
copper; this action will go on as long as the two metals axe kept in 
oontacL ' 



Fig. 3. Fig; 4. Fig. 5. 

Fig. 3. represents Ae zinc and copper brought into contact, and 
placed in dilute sulphniio acid; in this experiment, gas trill be seen 
escaping from the copper. 

If, instead of caoaing the two metala to touch, a wire be attached to 
each, and the opposite ends of the wires are brought into contact 
outside the Teseel, the same effect is produced (Fig. 4). If the two 
ends of the wires are placed in a little dilute acid in anether vessel, the 
same action will take place between (he zinc and copper as when they 
were in contact; but in this instance the ends of the two wires 
which dip into the vessel containing acid will undeigo a change: the 
one attached to tlie zinc will give off a quantity of hydrogen gas, 
while the one attached to the copper, suppo^g it to be also copper, 
will rapidly dissolve (Fig. 5). 

The copper and zinc, c and z, with the acid in the first vessel (Fig. 5), 
constitute a battery of one pair. The wine glass e, with acid, in 
which the wires are placed, is termed the decomposition cell, the 
acid the electrolyte. 

Best Kiin> of Zmc. — The zinc used for the battery should be milUd 
or rolled zinc, not thinner than ^ of an inch, otherwise the waste 
will be very, great; for amalgamated zinc, when it becomes thin, is 
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SO tender and brittle, that the utmost care cannot preserve it whole. 
The best thickness for the zincs, when their size is upwards of 4 
inches square, is j^ of an inch ; but if under this size, | to } of an 
inch is the proper thickness. Cast plates of zinc should not be 
used, as they are negative to rolled zinc, and give less electrical power; 
besides, they are so porous that no amalgamation will protect tbem 
from the action of the acid — producing *' local action," as it is termed, 
which is not only a waste of zinc and acid, but prevents to a great 
extent the production of the quantity of electrical force which the 
surface of the zinc in use is calculated to give. 

Amalgamation of the Zinc Plates. — ^The amalgamation of zinc is 
a process exceedingly simple ; nevertheless, if care be not taken, a 
very great loss in mercury and zinc is soon effected. A stoneware 
pan is the best to use, and should be sufficiently capacious to allow the 
zinc plate to lie flat within it : a mixture of eight parts water and 
one part sulphuric acid should be put into the pan, sufficient in 
quantity to cover the zinc plate, which should lie in it till the surface 
is perfectly bright.. The pan is now mised on the one side, and a 
little mercury put into the lower part, eare being taken that the zinc 
does not touch the mercury, to prevent which is the object of raising 
the pan on one side. A little coarse tow, tied to the end of a piece 
of wood, is dipped into the mercury, which lifts small portions 
of the metal mechanically, which is then rubbed< with considerable 
preslsure upon both sides of the zinc plate, over which the mercury 
flows easily: the plate k then washed, by dipping it into clean water, 
and is next made tO" stand upon its edge in another pan, with two 
small pieces of woodf> under it, so as to allow any excess of mercury, 
to drain from it. In plating factories, instead of tow an old scratch 
brush is generally used. This is a brush made of flne brass wire, 
tied upon a piece of wood; but we prefer tow, as the brass wire 
amalgamates with the mercury, and causes a loss of that metal. 
After the zincs have drained for a few hours, the process should be 
repeated, only it is not necessary to allow the metal to lie in the aeid 
in the second process previous to rubbing in the mercury: alter 
draining a few hours the second time, amalgamation is complete4. 
The results of amalgamating plates of zinc of the following size and 
^ of an inch in thickness were as follows : In the first process a plate, 
of 1 foot square, amalgamated on both sides, retained 3 ounces of 
mercury; but for the second process, the same size of plate only retained 
1^ ounces of mercury — in all 4^ ounces for 2 square feet of suriace. 
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Zinc rapidly absorbs mercury, which permeates the whole metaL 
If the mercury were in quantity, the zinc would dissolye in it; hence 
the propriety of rubbing the mercury into the zinc only in small 
portions ; f Or if allowed to imbibe as much as it is capable of doing, 
it would not only be a loss of mercury, but the plate would become 
exceedingly brittle. When too much mercury is used, a portion of 
it will drop from the plate by standing, and carry with it some zinc 
dissolved in it, which creates loss and deteriorates the zinc plate. 

The zinc in the battery, after being used, should never be allowed 
to lie in the acid when the battery is not in use, but should be taken 
out, and the surface carefully brushed, with a hard hair brush, in water, 
and then laid by in a safe place. The matter thus brushed off being 
an amalgam of zinc, should be carefully collected, and kept in dilute 
sulphuric acid, or in the waste acid from the batteries: most of the 
zinc in this amalgam will in this way dissolve out, so that a great 
portion of the mercury may be recovered; or by placing these brushings 
in a coarse cloth bag, and subjecting them to pressure in a screw-press, 
most of the mercury may by this means be recovered. 

Economy in Amalgamation. — If the battery is to be used seldom, and 
only for a short period at a time, or if the zinc is thin, another method 
of amalgamation may be adopted. The zinc plate, after lying in the 
dilute acid till the surface is bright, may be rubbed over with a solution 
of nitrate of mercury, which gives a very thin amalgamation ; but this 
method is unsuitable if the battery is to be in use for several hours 
together. 

When a battery is being worked daily, it will be advisable to repeat 
the amalgamation from time to time, otherwise local action will begin, 
and the working power of the battery be weakened, while the loss in 
zinc will be increased. 

The following is the proportional rate of loss in zinc which we have 
found on the large scale under the most favourable circumstances. A 
new zinc plate, amalgamated as described, working continuously — 

24 hours, zinc lost 12^ ounces — copper deposited 12 ounces ; 
48 hours, zinc lost 20^ ounces — copper deposited 17 ounces ; 
60 hours, zinc lost 84 oimces — copper deposited 24^ ounces. 

From these and similar data we found that the most economical way of 
using zincs is the following : — After being in the battery twenty-four 
hours, they are to be taken out, brushed, and laid aside for a short time 
or for a shift; after working other twenty-four hours, they are to be 
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again brushed and immediately re-amalgamated : if these directions are 
attended to, 1 ounce of mercury will be sufficient for 1 foot square of 
zinc both sides. 

A plate of amalgamated zinc after being in use for twenty-four or more 
hours, and not to be required again for some time, should be re-amalga- 
mated when removed from Hie battery, it may then stand over for 
days without injury ; but if not re-amalgamated, and left exposed for 
several days, the zinc gets oxidised on the surface, forming a dry crust, 
and will not in this case re-amalgamate until this oxide is first dissolved 
off by a strong acid, causing considerable loss both of zinc and mercury; 
and if put into the battery without re-amalgamation, there is consider- 
able local action and an imperfect current, until all the oxide is dissolved 
off, and a great loss of zinc. 

The advantages of proper amalgamation will be made more evident 
in the sequel We have only to add here, nr consequence of an oft- 
expressed fear of the danger of working with quicksilyer, that no 
apprehension need be felt r the skin does not absorb it, and there being 
no heat required in the operaition that could convert the mercury into 
vapour, the only state in which it is dangerous, no salivation can take 
place. I 

Distance between the Battery Plates: — ^To return again to the 
battery-celL It will be found that if the two metals — the zinc and 
copper in acid (Fig. 5) — ^be put very close to each other, the action will 
be much more rapid than when tiiey are farapart. It will also be found 
that, allowing the zinc and copper to be kept at one distance, and 
the wires in the decomposition-cell at different distances, similar 
results will take place. When the wires are close the action in the 
batteiy-cell will be more powerful tiian when the two wires are put 
farther apart : these properties are applicable to aU batteries and de- 
composition-cells of every kind. The following results will give an idea 
of the relations of these several conditions : — 

1st. One pair of copper and zinc plates, measuring superficially 6 
square inches, were immersed in a solution consisting of one acid to 35 
water : plates of copper of equal size to those of zinc and copper were 
laid in the decomospition-cell, which was then filled with a liquid of equal 
strength to that in the batteiy-cell: the plates in the battery-cell and 
the decomposition-cell were then placed one inch apart : in four hours 

The zinc in the battery-cell lost by dissolving 10^ grains ; 
The copper dissolved in decomposition-cell 10 grains. 
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2nd. The battery plates were put 12 inches apart, and the plates in 
decomposition-cell 1 inch apart : in four hours 

There were dissolved in the battery-cell, zinc 7 grains ; 
In decomposition-cell, copper 6 grains. 

3rd. The battery plates were placed 1 inch apart, and the plates in 
decomposition-cell 12 inches apart : in four hours 

The zinc in battery-cell lost 4^ grains ; 

The copper in decomposition-cell lost 3^ grains. 

These results shew the importance of attending to the conditions of 
the respective agents, and also that distance of the electrodes in the 
decomposition-cell offers greater resistance than distance of plates in 
the battery-cell. The manufacturing electro-metallurgist will observe 
that the amount of work done in the same time when battery plates and 
electrodes are kept close together in their separate cells is in the one case 
double and in the other case triple that when the battery plates are far 
apart or the electrodes far apart It also enables the workman to 
arrange the power of the current to the solution — ^the plates in a battery 
are generally at a fixed distance. Should the battery-power be too 
strong for the solution, or the article being coated be small, so that 
gas is evolved, by separating the electrodes to a greater distance this 
inconvenience is avoided. 

Different Elements of Batteries. — ^Although our observations have 
np to this point been made on zinc, copper, and dilute sulphuric acid in the 
battery-cell, still these are not the only essential elements in a battery, 
as almost auy two metals with a liquid similarly arranged will produce 
an electric current ; but the current will vary according to the nature of 
the metals employed, and the effects produced upon them by the solu- 
tion in which they are placed. If the exciting solution has the power of 
acting upon both metals, as when zinc and copper are immersed in dilute 
nitric acid, the current of electricity produced by the action of the acid 
upon the zinc will be neutralised to an extent corresponding to the 
relative action of the acid upon the copper. To have any effective 
electrical power, it is necessary that one of the metals employed be 
capable of combining easily with one of the elements of the solution in 
which they are placed, and forming a soluble salt, while the other metal 
does not; and the power obtained under proper circumstances has an 
intimate relation with these two properties in contrast. The metal 
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which undergoes solution is termed the positive metal, the other the 
negative metaL Metals are not considered to possess any intrinsic 
negative or positive principle ; their relations in this respect are governed 
solely by the circumstances in which they may be placed. For instance, 
if we connect a piece of copper and a piece of iron, and immerse them 
in acidulated water, the iron is dissolved, and is positive in relation to 
the copper ; but if the same metals are immersed in a solution of yellow 
hydro-sulphide of potassium, the copper is dissolved, and is positive 
relatively to the iron. Hence, to obtain a galvanic battery, the condi- 
tions are simply to provide two metals, and immerse them in a solution 
capable of acting upon the one and not upon the other. The first 
table shews the order in which the common metals stand to each other, 
in respect of their relative negative and positive properties, when im- 
mersed in water acidulated with sulphuric acid. The second table is 
given by Gmelin as the relations of the metals, in pure water and sea water, 
the most intensely negative metal standing highest, and the metal which 
acts most positively standing lowest : — 



In Snlphmic Aeid. 


In Sea Water. 


Platinum. 


Platinum. 


Gold. 


Gold. 


Antimony. 


Silver. 


Silver. 


Copper. 


Nickel. 


Bismuth. 


Bismuth. 


Antimony. 


Copper. 


Iron 


Lead. 


Tin. 


Iron. 


Lead. 


Tin. 


Cadmium. 


Cadmium. 


Zinc. 


Zinc. 





According to this arrangement, each metal is positive with re£q»ect to 
all that stand before or above it, and the electrical conditions of any 
pair become the more contrasted the farther apart they stand in the 
scale. Thus, a battery composed of adnc and platinum, if all else wero 
equal, is much more powerful than one composed of zinc and copper ; 
and again, copper and iron will make a veiy weak battery. 

A battery may also be formed by having one metal and two kinds of 
liquids separated by a porous diaphragm. For example, we may have 
strong nitric acid in one division, and dilate sulphuric or muriatic add 
in the other ; and by putting into each a piece of clean iron, a powerful 
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current is obtained. The iron in the strong nitric acid will remain for 
a tinle unacted upon by the acid, while the iron in the dilute sulphuric 
acid will dissolve with great rapidity, producing a galvanic current 
between the two plates of iron, equal to that which would be produced 
by zinc and platinum in dilute sulphuric or muriatic acids. We give 
this as an illustration of the principle we have stated. These and several 
other arrangements of solutions and metals are*^ expensive and trouble- 
some to keep in order, and are therefore never used for practical pur- 
poses in the art of electro-metalliirgy. 

Propeiotes of Metals fit for Batteries. — ^In lookmg to the preced- 
ing table, it may be asked, ^* Since lead stands next to copper in sulphuric 
acid, and is so much cheaper, why should it not be used instead? '^ The 
reason is, that there tae other properties which a metal, especially one 
used as the negative element, oughtto possess to fit it for use in a voltaic 
arrangement ; such as -the power of 'freely conducting an electric current, 
of keeping a bright surface, and not becoming oxidised — ^none of which 
properties belong to lead. Could that metal be kept from oxidising, a 
very effective current of electricity might be obtained by using it with 
zinc ; but its surface soon gets coated with an oxide possessing none of 
the properties of the metal, and hence the arrangement becomes ^c 
and oxide of lead, which produces but a weak current of electricity. 
These remarks refer to any metal that is subject to oxidation — an 
occurrence which is often a source of annoyance to the electrotypist 
when using copper plates. 

Lead slightly amalgamated, and used as the negative metal with zinc, 
produces a very constant current for a time. 

Lead is also a very ibad conductor of the electric current, which 
renders it unsuitaible for -an element in the battery, the negative metal 
being considered as only acting the part of a conductor: thus materially 
affecting the available power of an arrangement. 

The following table shews the relative. conducting power of the respec- 
tive metals : — 

Silver, . . . . .120 

Copper, 120 

Gold, .....' 80 

Zinc, 40 

Platinum, .24 

Iron, 24 

Tin, 20 

Lead, 12 

c 



I 
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From what we have jiurt frtated a battery oomposed of zinc and plati- 
num, if all else were equal, wiQ be more powerful than one composed of 
adne and copper : this is true so far as regards their negative and positive 
tendencies; but so much does the conducting power of the negative 
metal affect the practical usefulness of a battery, that notwithstanding 
the fact that platinum is much more negative than copper, there is so 
much of the effective electricdty expended in overcoming the resistance 
which the inferior conductibility of the platinum offers to the progress 
of the current, that a battery of zinc and copper proves to be a more 
effective and useful battery for electro-metallurgy than one made of zinc 
and platinum. The platinum, having only one-fifth of the conducting 
power of copper, will affect the practical value of a battery having 
platinum as the negative element, in the same way as described at page 
30 ; by separating the electrodes, it weakens the effective power of the 
current for decomposing the solution, by offering it greater resistance. 
Hence^, also, the reason that iron and copper, or iron and any other 
metal, makes but an indiff^ent battery-^on being a bad conductor ; 
lead, as will be seen in the table, stands lowest in this property, and 
^is therefore unsuitable for batteries, its conducting power being only 
one-tenth that of copper* 

In fitting up a voltaic arrangement with a negative metal that is not a 
good conductor, such as platinum, the closer to the exciting liquid it is 
placed, in connection with another metal that is a good conductor, the 
better ; the current obtained wiH be the more effective. 

The following experiments will illustrate these remarks with a few of 
the common metals used as negative electrodes. There were in each 
battery six square inches of each metal exposed to the action of the acid, 
which was sulphuric acid diluted with twenty-five parts of water. The 
electrodes were copper of the same size, placed in sulphate of copper ; 
and the quantity of copper deposited was taken as the data, each trial 
being of a different length of time.: — 

First, in action half an hour. 

BATTEBY. DBPOBITBD. 

Tin and zinc, . . . . . 1-7 grains. 

Copper and zinc, . * . . 1*8 „ 
Platinum and zinc, .... *3 „ 

Platinised silver and zinc, . . . 2*0 „ 

Second, in action two and a-half hours. 

Tin and zinc, 5'9 grains. 

Copper and zinc, . . . . 8'8 „ 
Platinum and zinc, . . . . 4*5 ,, 
Platinised silver and zinc, ... 9-7 „ 
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ThIBD, in ACnOK SIXTEEK HOURS. 

Tin and zioc, * . . . . 54-6 grains. 
Copper and zinc, .... 50*5 
Platinum and zinc, .... 43*0 
Platinised ailrer and zinc, . . .67*3 

From these few experiments, it appears that tin and zinc, when used 
for a long time, constitute a very eflfective battery. It is yery constant 
in its action, and thus suited for time. It stands next to platinised 
silver. The whole, in nineteen hours, gave respectively — 

Platinised silver, 79* grains. 

Tin, 62*1 

Copper, 61*1 

Platinum, 48-0 

It may be mentioned here, as an illustration of the principles we are 
discussing, that in the platinised silver there is the negative and positive 
properties of platinum and zmc, with tiie conducting property of silver ; 
and thus the two qualities are combined by a very ingenious contrivance, 
for which we are indebted to Mr. Smee. 

Babington's BATTERT.-^If we look back to the desoription given of 
the voltaic pile (page 2), and the improvement made upon it by Cruik- 
shanks, we perceive the relation they bear to the pieces of copper and 
zinc mentioned in page 27; but the relation is more i^parent in 
Babington's improvement upon Cruikshanks' battery. When working 
with this battery, it was found that the energy of tiie battery did not 
depend, as was supposed, upon the extent of surface of the zinc 
and copper in contact, but upon the extent of surface of these 
metals in contact with the liquid with which the battery was excited, 
and that it was sufficient if the anc and copper touehed each other 
in a single point — 
provided that the 
plates were plunged 
into the liquid, and 
that the copper plate 
be exactly opposite to 
a zinc plate in the 
same cell, a space be- 
ing left between them. 
Hence, instead of soU 
daring the zinc and ^^^'^' ^^«- '^• 

copper together, as Mr Cruikshanks did, it was enough to effect a com- 
munication by turning oyer a portion of the copper plate at the top, 
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and solderiDg it t« the npper eztremi^ of tiie mtc Thus — C, tha 
copper, ia bent-over to touch and be eoldered to the zinc plate z. For 
thia arrangement Uie vooden trough was divided, bf plates of glaas or 
varnished wood, into as maujr colhi as there were pairs of zinc and 
copper. The cells being filled 
with tite acid, or exciting 
Bolntion, the metals were then 
placed inte them in such & 
mannei that each pair of zinc 
and copper plates had a parti- 
tion between. By this ar- 
rangement the zinc of one 
pair faced the copper of the 
next pair in the cell, aa shewn 
in Figs. 7 and 8. The former 
represents Uie plates immersed 
in the solution; t^e latter, the 
plates suspended on a nek 
over the solution. This ar- 
rangement was termed Bab- 
ington's Battery. 
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Wollaston's Baitert. — Although we have spoken of the great value 

of amalgamated zinc for batteries, still, at the period when the arruige- 

ment just described was introduced, amalgamation was not known, and 

the ano plates were therefore always liable to be destroyed by the 

acid. It was, consequentlj', of importaaoe (hat no zinc should be 

exposed to the action of the acid" that was not calculated to give 

electricity, as the energy of each pair of plates depends upon the extent 

of surface of the two metala exactly opposite to eack other. It will bo 

evident that in Babington's airangement only one side of the zinc was 

effective in giving electricity, while both sides were exposed to the 

action of the acid. To 

^ obviate this defect, Dr. 

Wollaston caused the 

copper plate to surround 

rOte zittc, by which tiis 

wkole surface of the 

Tig. 9. rino exposed to the acid 

was made effective in producing electricity, and thereby doubling its 

quantity witliont further cost; The accompanying figure (Fig. 9) shews 

the manDer in which this battery was originally constructed. 
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This impTovement, if we except Bereral modificatdona of cODBtniction 
for the facility of taking the platea astmder for cleaniDgt &c., did all for 
this kind of batter; tiiat could be done. 

Modification of Wollaston'S BiTraRT, — ^WoUaston'a battery is still 
naed in some factories for depositing metals, and it is found by ex- 
perience to be both coovoDient and economical. The modification we 
found to be rery suitable, and practically nsefnl, may be thns described : 
In the arrangement represented in Fig- 9, when amalgamated ones are 
used, email qnantJties of amalgam faE from> the nnc plates upon the 
copper, which not only occasion local action, but the mercury amal- 
igamat«B with the copper, spreads over it, and to a great extent lessens 
Its efficiency ; and as tlie copper must be made red-hot to e^»el the 
merenry, much loss of copper as well as mercuiy is the result. To 

obviate this defect, the copper is oonr 

nected above the zinc and left open at 
<bottom ; as, for example, a tbin sheet of 
copper, of dimensions according witJi the 
size of the cells in the battery, is out 
.thus (Fjg. 10) : — This copper is bent in 
the middle at b, the ends aa 'dip into the 
iconnect witii the zinc plate of the 



cells, while 
aeighbouiing cell, tl 



Fig. 10. 



Pig. Hi Rg. 12. 

Tbe rinc plates are placed between the Bentcopper a a. The following 
diagram of a battery of several' pairs of plates will illustrate these 



zzzz. The zinc 
plates; CCCC, Cop- 
per plates. 

ppp. Partitions 
of trough, which 
are generally made 
of thin wood. 

tew. Wires from 
battery. 
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The zinc and copper ate connected togetiier by a binding screw. To 
construct this battery the zinc plates are put in first, bemg made to slide 
in grooves cut in the sides of the troughy the plates standing in the 
centre of their respective cells : the copper plates are put in, and the 
copper bands, marked c, are made fast to the zincs by binding screws, 
care being taken that the parts where they are connected are clean and 
bright, and that the capper and zinc touch nowhere else. A battery 
of nine pairs of plates can be fitted up and made ready for action in ten 
minutes. 

In fitting up batteries of this sort, we are aware that sometimes great 
care is taken that the partitions in the trough are perfectly water-tight, 
and also formed of some non-conducting material, such as glass, or of 
wood, either pitched or saturated with some non-conducting substance ; 
but we have found in practice that these precautions are not required, 
the principal thing to attend to being that the metals should not be 
allowed to touch, except at their proper connections : the partitions are 
a safeguard. 

• 

Defects of Common Acid Batteries. — ^Although we have spoken 
thus favourably of the principles upon which Wollaston*s battery is 
constructed, still as a philosophical instrument it is far from being per- 
fect, hence the many modifications of it which have been recommended. 
Indeed, electro-chemists, since the time of Volta, have been endeavour- 
ing to invent an instrument free from the defects which attach to 
WoUaston^s— one capable of giving, at the same time, a constant and 
powerful current, abundant in quantity, and of great intensity. The 
success and results of these endeavours are so closely connected with 
the art of electro-metallurgy, and the knowledge of them is so essential 
to a successful prosecution of the art, that we must not be sparing in 
our descriptive details. 

In operating with a Wollaston's battery, or any other arrangement 
composed of similar elements, such as zinc, sulphuric or muriatic acid, 
copper, and silver or platinum, it will be found that the current of 
electricity obtained diminishes in quantity and strength in proportion 
to the time of action; This is the result of various causes :^— 

1st. The hydrogen which is evolved at the surface of the negative 
metal in the battery, which we shall say is copper, adheres with con- 
siderable force to the surface of the metal, and consequently obstructs 
its superficial influence, so that the quantity of electricity which the 
surface of the two metals is calculated to give is much lessened. 

2nd. After the battery is in action for some time, a portion of the 
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snlphate or chloride of zinc, formed in the batteiyby the solution of the 
zinc, becomes reduced upon the surface of the copper. This reduction 
is supposed by some to be owing to the electrolysation of the zinc 
solution by the passage of electricil^ ;: but it is more probably caused 
by a galvanic action upon the copper plate and the solution in the 
battery.. In this way the sulphate of zinc formed in the batteiy, from 
its greater specific gravity, sinks to and accumulates at the bottom of 
the cell, BO that after the battery has been in action for some time the 
lower portion of the battery solution is nearly neutral sulphate of zinc, 
while the upper portion is the dilute acid, so that the lower part 
of the copper plate in the battery is dipping into the neutral sulphate 
of zinc, while the u|^r part, is in acid ; hence a local galvanic action 
takes place between the iq>per and lower part of the copper plate. 
The result is the deposition of zinc upon the lower part of the 
copper plate. This deposition always begins at the lower edge of 
the copper plate, and upwada upwards, and thus weakens the electric 
current, both by this induced galvanic action between the zinc and the 
copper, upon which it is depoedted, and by its tendency to send a current 
of electricity in an opposite direction to the main current, thereby 
neutralising to a great extent tha original power of the circle. 

3rd. When copper is used it becomes 'gradually covered over with a 
thin, black, slimy coating of oxide and other impurities, which materially 
affects the regularity and strength of the current : this is a source of 
considerable annoyance in working, and necessitates a regular cleaning 
of the coppers, which should be done immediately on being taken out 
of the battery, by brushing with a hard hair brush in water ; but when 
the battery has been long in action, this mode of cleaning is insufficient : 
the platea are then required to be rubbed over with a little dilute nitric 
acid, and then washed. If the black coating be allowed to dry upon 
the coppers, they must be dipped into strong nitric acid till their sur- 
faces are acted upon ; or they may be moistened with a little urine, 
then brought to a dull red in the fire, and inunediately plunged into 
water ; but in both cases there m at loss of copper. A small quantity 
of the black matter, tested by ub, gave oxide of copper, with iron, 
antimony,, and lead, which are- the general impurities of sheet 
copper. 

Another source of weakness to the electric current, and which affects 
more or lesa all batteries of whatever construction, arises from the 
action of the acid upon the zinc. The more freely this action is allowed 
to proceed the more constant and powerful is the battery. The acid in 
combining with the zinc forms a salt, which,^if it adhered to the surface 
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of the plate, would soon stop further action ; but this salt being soluble 
in water, is dissolved from the surface of the plate as soon as formed, 
allowing a new surface to be exposed* But water can onlj dissolve a 
certain quantity of the salt, and its power of dissolving decreases as it 
approaches to the limit of saturation, hence there is a constant tendency 
to a decrease of power in the battery ; and if means be not taken to 
withdraw the salt of anc formed, the battery will continue to decrease 
in power, till at length ii» ceases to act. But long before the battery 
ceases to act, the presence of sulphate of zinc manifests itself in several 
ways, neutralising the efficacy of the battery. As already noticed, the 
zinc salt as it dissolves from the plate, being heavier than the acid 
solution, falls to the bottom ; hence in a very short time the solution is 
formed of strata of difPerent densities, and this induces a galvanic action 
between the lower and upper portions of the plates, both copper and 
mc, and accounts for the deposition of zinc on the bottom part of both 
copper and zinc plates. This local galvanic action between the bottom 
and top parts of the sdnc plate is sometimes so great when the battery 
has been long in action, as to double the thickness of the zinc plate at 
bottom, while the part near the surface of the solution is nearly pene- 
trated by the acid ; and when a battery is formed of a number of pairs, 
the terminal zincs are those most affected, the one forming the negative 
terminal or pole more so than tlie other. We have found a deposition of 
6^ ounces of aino upon the two lower inches of a terminal plate, which 
measured in the solution 6 inches-. The upper 4 inches of the plate 
gradually thinned to the surface of the solution, where it was not more 
than half its original thickness, the battery having been in operation 
but eighteen hours. When this occurs, the quantity of electricity 
circulating through the battery is very smalL Although this evil may 
not proceed to the extent of having quantities of zinc deposited upon 
the bottom part of the plates, still the tendency to deposition, which 
every one who emplc^s a battery for a long' time must have observed, 
as also the more rapid action of the acid on the upper parts of 
the plates, shews that the action of the acid over the surface of the 
plate is very irregular, and consequently the quantity of electricity must 
be irregular in the same degree, of ten producing in the battery an inter- 
mittent action, which will be referred to further on. 

Various means have been devised for removing the sulphate of zinc, 
and adding corresponding quantities of new acid water; the most simple 
and effective of which, according to our experience, is to make the 
battery trough much deeper than is required for the plates, which may 
be supported either by grooves in the side of the trough, cut to the pro- 
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per deptli, or by a fillet of wood, or peTforated false bottom; so that the 
zinc salt when foimed ma; fall under the plates, and thus a much longec 
tilne elapae before its presence prodnces any decidedly bad effect. There 
can he no doubt, we think, that some easy means wUI jet be derised for 
caiTTing off the dense solntion of sulphate of einc before it rises to the 
plates, and for replacing it bj acid water from above, thus giving to the 
bat[«ry a uniformity and steadiness of action it does not at present 
possesa. There have been many ingenious contrivances tried for tbia 
purpose by the amateur, but we have aeen none ao simple and economi' 
cal for manufacturing purposes aa that referred to — battery-trongha 
twice the depth of zinc plates. 

Dahiell's Battert. — Some of the disadvantages now detuled were to 
a great extent overcome by a very ingenious arrangement discovered by 
the late Frofesaor Daniell. The discovery consists in the separation 
of tlie zinc from the copper by a porous diaphragm, such as bladder, 
tmglazed porcelain, Ac, and the use of two distinct fluids. The portion 
of the battery containing the zinc is charged with dilute acid, but the 
portion containing the copper, or, what is most common, a copper 
vessel, is filled with a solution of sulphate of copper. Tlie action in 
tioB battery is mmilar to that described in the ordinary battery: the 
zinc is dissolved by the acid, bat the hydrogen, instead of being evolved 
at the copper plate, combines with the acid of the sulphate of copper : 
metallic copper is thns aet at liberty upon, and adheres to the copper 
plate of the battery, improving its surface for the evolution of a current 
of electricity. From the constancy of the current main- 
tained in this form of battery, it has been termed the 
Coiutatil Batten/. The constructiou of a single pair 
is described by Professor Daniell in the following 

" A cell of this battery consists of a cylinder of copper, 
3^ inchea in diameter, which experience has proved to 
afford the most advantagea between the generating and 
conductdng surfaces, but which may vary in height ac- pj j. 
cording to the power which it is wished to obtain. A 
membranous tube, formed of the gullet of an ox, is hung in the 
centre by a collar, and a circular copper plate, resting upon a rim, 
is placed near the top of the cylinder, and in this is suspended, by a 
wooden cross-bar, a cylindrical rod of amalgamated zinc, half an inch 
in diameter ; the cell is charged with eight parts of water and one of 
oil of vitriol, which has been saturated with sulphate of copper, and 
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portiona of the solid salt are placed upon the npper copper plate, whicb 
is perforated like a colleudei; for the purpose of keeping the solation 
ftlwafs in a state of saturation. The internal tube is filled with the 
same acid mixture without the copper. A tube of poroos etutheDware 
ma; be substituted for the membrane with great eonveaieiice, but pro- 
bably with some little loss of power." * 
A number of such cells may be connected very readily by attaching 
the dnc of the one to the copper of the 
other, and (as shewn in Fig. 15) thus 
forming an inteneity arrangement of great 
power and constancy. 

This arrangement of battery is emi- 
nently anited to all kinds of electrical 
operationB, and it may be borne in mind 
^' that it waa by operatiug with this battety 

the ide& of dectro-metallurgy first occurred. In this battery we see 
that the evils arising from the slow liberation of the hydrogen &om the 
surface of the negative metal, and the deposition of the dnc upon the 
copper, and also the blackenii^ of the surface of the cnppez, are all 
BUnnomited ; but when the zinc solution becomes nearly saturated, 
which it B0<»i does from the cell b«9ng small, the same results as stated 
above take place— viz., a local action between the lower and upper 
portion of the zinc plate or rod, and deposition of zinc on the bottom 
part, and extra dissolving of the upper portion, which rather diminishea 
than adds to the battery current — defects which ate not so easily over- 
come in this as in the ordinary battery. However, the constancy of this 
batt«ry over most of the others is indisputable. Nevertheless, it ia not 
used to any extent in the art of electro-metallurgy, it being much less 
economical than the ordinary batteries, from tbe quantity of copper 
salt necessary to keep it in a working condition, and from, the necessity 
of using porous diaphragms, which speedQy wear ohL If the di^hiagm 
is made of animal membrane, the acid very soon destroys it; and 
although unglazed porcelain lasts a little longer, the add acts npon the 
alumina, so that after a few days' working the diaphragm becomes too 
porous ; and if the zino plate touches the porons vessel, a circumstance 
very difficolt to avoid, there is very soon formed in and upon the surface 
of the porous cell a deposit of copper, which speedily renders the cell 
nselesa, besides causing a loss of copper. The saturation of the zinc 
solution, already spoken of, not nn&equently piodacea Ae saipe effects 
— the saturated portion of the bottom becomes reduced by tlie local 

• DuUell'B Ckemieiil PUlatl^, DHI AditlOD, ISU, p^ HL 
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action, and thus often a miuate point of metallic zinc touches the cell, 
and forms a nucleus for a deposit of copper upon the porous cell, which 
spreads over the surface very rapidly. Besides, there are always pieces 
of amalgamated zinc, like fine scales, falling to the bottom of the cell, 
which also form nuclei for the deposition of copper upon the porous 
cell. 

After the cells have been some time in use, if they are laid aside and 
allowed to dry they are very liable to break. Care should be taken to 
keep them in clean water till the salts within the pores are dissolved 
out ; and if this precaution is taken they may be preserVed for a long 
time, if they are only used occasionally. 

The remarks upon the economy of the arrangement just described 
have reference to its use as an instrument, or separate battery, for the 
deposition of a metal in a separate cell (decomposition cell) ; but not to 
the arrangement known in electro-metallurgy as the single cell process, 
which is simply a modification oi one pair of Darnell's arrangement ; a 
description ot which, with its comparative economy, will be given in 
another part of this treatise. 

Professor Daniell says that any depth of cell may be used according 
to the power required ; but this cannot be done with equal advantage, 
for a^ large surface of zinc in a cell is not the most economical, when 
quantity of electricity is required* 

Grove's Battery. — ^Another battery, constructed upon the same 
principle as Daniell's, but differing in the arrangement of the metals, 
and the substances used to excite them, was invented by Mr. Grove, 
and is known as Grovels Battery. In this arrangement platinum is used 
instead of copper, and strong nitric acid instead of the sulphate of 
copper of Danieirs battery. One pair may be fitted up conveniently in 
a tumbler or jelly-pot A hollow cylinder of zinc is placed inside the 
timibler ; within this cylinder is placed a porous vessel, in which is a slip of 
platinum, either in sheet or foil ; the porous vessel is filled with strong 
nitric acid, and the tumbler with dilute sulphuric acid ; a wire is next 
attached to each metal, and the battery is complete. When a series of 
pairs is to be used, the form we have found most convenient is to 
arrange the metals in the same manner as we have described for 
WoUaston's trough (page 87). The zinc is formed in the same shape as 
shewn by fig. 11* The zinc is placed in the cell of the trough, and the 
porous vessel, which should be flat, is placed within the zinc, so that the 
platinum in it may be connected with the zinc of the neighbouring pair, 
as represented in fig. 16. 
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zzz, Are the zinc plates of the form of fig. 11. 
__ aaa, Porons cells filled with 

nitric add. 

CCC, Plat«a of platinnm 
united to the zinc at top by 
binding ecrewa. 
FP, Are pajititioQS. Thedivi- 
I sionsof the battery trough need 
not be water tJght, but merely 
such as will prevent the zincs 
^- ^^ from toQching one another. 

It will be seen that by this means any number of p^is may be easily 
arranged. Care, however, must be taken, when fitting up such an 
arrangement, that the platinora be kept closely connected with the zinc 
by a large surface, otherwise the platinum will be fused at the connec- 
tions. A flat piece of wood, with a groove to fit the zinc, is often made 
the meansof keeping the two metals together; bat we prefer flat binding 
screws of brass, for if tept clean they assist the connection, being good 
conductors. The fnsion of the platinum connections, a practical and 
often expensive annoyance, may, however, he completely prevented by 
coating aboQt half an inch of the end of fhe platinum either with copper 
or silver, which is easily effected by the electto-prooeas — the coated 
part is then connected with the zinc by any convenient means without 
the risk of fnfling. 

This form of battery is also free from some of the objections to the 
common battery, but it is seldom or never used in the ordinary processes 
of electro -metallurgy. Its advantages over every other form of battery 
described are its great activity of action and intenuty or power of 
current — a circumstance not generally sought after by electro-metal- 
lurgisfa. But if it were duly considered that & battery comustdng of 
three pairs of zinc and platinum is far more eSectave than an ordinaiy 
battery of ten or twelve pairs (althongh the elements of its construction 
are more expensire)-, it would stand a fur chance of being adopted as 
the more economical battery of the two. 

The porous cells have not the objection of being closed up by the 
deposition of meiAls npon or within them ; but they are affected by the 
acids, and by long working they become too porous, the nitric acid 
passing through and causing rapid destniction of the zinc It wants 
the constancy of Daniell's, its quantity declining rapidly when long in 
actJon — one feature we have often experienced which we have not seen 
observed by other esperimenters. When working with a Grove's battery 
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of from eight to twelve pairs, the platinum being six inches by seven 
inches, after the battery was in action for four or five hours, during 
which it diminished in quantity gradually, all of a sudden it seemed to 
recover its energy, giving a quantity and power not much less than it gave 
in the first hour, and then declined again rapidly, but occasionally renew- 
ing its vigour for short periods. We have thought it probable that this 
reaction may be caused by the formation of nitrate of ammonia in the 
rapid decomposition of the nitric acid during the first action of the 
batteiy, which, as it accumulates, may be re-acted upon. 

The prevailing and permanent objection to the use of this arrange- 
ment for manufacturing purposes, and also for many experimental 
purposes, is that it emits nitrous/fmnes which corrode everything within 
their reach, and prove very disagreeable and hurtful to every person 
breathing them, 

Bunsen's Battery is a modification, of Grovels, and is much used for 
electrical purposes. Carbon is used instead of the platinum. One 
mode of construction is to form a hollow cylinder by coking pounded 
coal in an iron mould, then soaking the coke cylinder in a strong solu- 
tion of sugar and calcining a second time, which gives great compact- 
ness. The porous cell containing the zinc and dilute acid is placed in 
this cylinder, and the whole put into a glass or stoneware vessel charged 
with nitric acid; of course the coke cylinder and zinc are connected, 
and thus the battery is completed. A more simple and less expensive 
modification of this arrangement is to put a solid bar of carbon or coke 
into a porous cell filled with nitric acid, which is placed in a stone or 
glass jar filled with dilute sulphuric acid, having a hollow cylinder of zinc 
surrounding the porous cell, leaving about one inch of space between 
the porous cell and zinc, similar to a Daniell*s. This form of battery is 
little inferior to Grove!s for power, and. is used for some purposes by the 
electro-metaUurgist Nitrous fumes are evolved from this battery also. 

Smee's Battery. — Some of the defects in the common battery of zinc 
and copper were much lessened by an ingenious contrivance of Mr. 
Alfred Smee^s. This gentleman had observed that if the copper plate 
of the battery be roughened, either by corrosive acids or by rubbing 
the surface with sand-paper, its action was made 'much more, efficient, 
the rough surface evolving the hydrogen much more freely. Taking 
advantage, therefore, of this observation, he covered platinum foil with a 
finely divided black powder of platinum, deposited by electricity from 
a solution of that metal, and used this in place of the copper in the 
ordinary battery. Instead of platinum foil, Mr. Smee soon after adopted 
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sUTer fofl, which it much lew eipeadve. The method of preparing 
them plates is given b; Mr. Smee as foUovs: — "The ulver to be 
prepared for this should be of a thickness sufficient to carrj the current 
of electricity, and should be roughened hj broshing it over with B little 
strong nitric acid, so that a frosted appearance is obtained. It is then, 
washed and placed in a Tessel witti dilute sulphuric acid, to which a few 
drops of nitro-muriate of platiuum has been added. A porous tnbe is 
tiieu ]daced into t^is vessel with a few drops of dilate sulphuric acid ; 
into this tube a piece of zinc is pat, contact being made between the 
mno and silver ; the platinum will, in a few seconds, be thrown down 
upon the silver aa a bla«k metallic powder. The operation ia now com- 
pleted, and the platinised silver ready for nee." A simple method, 
which obviates the nse of a battery, is thus described: Laj the silver 
between two pieces of sand-paper, and press it with a common smoothing 
iron, then pnll the silver out while under the pressure. The platinum 
solution is made very hot, and tbe silver dipped in it for some time, 
which affects the coating. 

The nitro-muriate of platinum is easily prepared; take one part 
of nitric acid, and two parts of hydrochloric acid (muriatic acid); mix 
together and add a little platiuumr either as metal or sponge; keep 
the whole at or near a boiling heat; Che metal is then dissolved, form- 
ing the solution required. 

Several experimeuta have been tried with a view to substitute a 

cheaper metal than silver to deposit the platinum upon, but not with 

much success. Cheap metals have also been coated with silver by 

the electro process, and then used for depofdting the platinum upon. 

The most successful is a composition metal made 

of tin, lead, and a little antimony, rolled into 

sheet and plated by silver ; this was found very 

convenieut, because it could be easily bent into 

any required shape, and it keeps its place without 

the necessity of fixing in frames, as required by 

thin silver; nevertheless, for constant work these 

plates are fonud not to present any permanent 

I advantage, and have been abandoned; beudes, 

I to give a sufficient coating of silver becomes as 

espenaive as silver foil. 

Mr. Smee, in ccmstructing his battery, has beea 

j-jg ij guided hj tie expense of Ae silver, and therefor^ 

reverses the order of arrangement introduced by 

WoUaston, by surrounding the platinised silver wilh the zinc. Fig. 
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17 r^trefenta a ungle oell of thig form of battery. &, is the jar con- 

Uining tbe solntdon. zz, the two amslgamated zinc plates, s, the 

pUtuiiaed eiWer pUt«. The whole are suapended by a cross bar of 

vood; and a« it ia enential to the 

proper working of the battery that the ~ ° 

pUtea be always parallel to ooe an- 

otiier, tbe wooden frame is generally 

extended round the edge of the thin | 

«ilT«r plate, though it it not eo repre- 

aeoted in tiie figure. One of the | 

damps at the top of the woodea bar — . .„ 

is connected widi tbe platiiiiBed silver 

plate^ and the other with the pair of dne plateg. Instead of a ghua 

or stoneware jar, sniall Bqnare troughs, made of gvtta percha, are 

often tned for the Bmae'a battery, as they sott adinirably, and are 

not liable to break. 

When inUmity of electricity ia reqttired, it is neceMBiuy to use a 
nomber of mch cells, which may be arrMiged in a wooden frame, in 
the manner shewn in Fig. 18, where oi represent Uie two poles of 
Che batt^y, and cc the -wirea by which the cells are connected with 

A superior form of compotmd Bmee's battery, conlriTed by Aeland, 
is represented in Fig. 19. In t^is apparatus the plates are all connected 



Fig. 19. 
to a frame that can be elevated or depressed by means of an iron rod 
and rabchet wheel, so that the plates may be either partially or entirely 
immersed in tlie solution, or raised at pleasure out of it The con- 
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nections are so contrived, that by a slight alteration the battery is 
adapted to afford either quantity or intensity of electric power. It is 
usually made to contain six cells, any number of which can be used 
at once, either singly or in whole, as a given process may require. 
The exciting fluid is contained in an incorrodible stoneware trough, 
placed in a mahogany box. A battery of this description, each silver 
plate of which measures 20 square inches, has sufficient power, when 
decomposing water, to disengage 1 cubic inch of imixed gases in 50 
seconds, and may be used for other electrical purposes requiring power. 

Letter b, in Fig. 19, represents an apparatus for shewing the 
decomposition of water into oxygen and hydrogen gas by the voltaic 
battery. 

It will be observed in Smee^s arrangement that tthere are two 
surfaces of zinc in every pair exposed to the acid, whidh do not give 
off any electricity. When long in use, these are much acted upon, 
forming a consideration of some value to a manufacturer. 

The silver used is ^ery thin, and liable to crack when taken from 
its frame, and therefore not so easily made into different constructions 
as we can do with copper. It is also liable to have zinc deposited 
upon its surface when long in action ; and when in constant use and 
requiring to be taken to pieces every night for cleaning zinc, &c.y it 
is not so handy, and more liable to hurt by a workman than the 
ordinary battery. 

There is, we believe, no arrangement of battery better known and 
more used by amateur electrotypists than Smee's, and there are probably 
none better adapted for small operations ; but it has not been introduced 
to any extent in the factory. When used in series, the advantages it 
posseses over WoUaston's do not counterbalance the extra labour and 
expense attending its use, and many who have ^ided it in the operations, 
of the factory have for these reasons given it up. 

Numerous modifications of these different >batteries have been pro- 
posed from time to time, and also other kinds of battery, intended for 
different objects, but those given embrace all Uiat are used for electro- 
metallurgical purposes. 

Eabth Battery. — ^In the early history of electro-metallurgy the art 
became very popular, and all who were working at it, whether for profit 
or amusement, were eager to find out some improvement in the opera- 
tion, either for cheapening the process or simplifying the manipula- 
tion ; so that when it was found that a piece of copper and a piece of 
zinc imbedded in the earth, and connected by a wire, gave a current of 
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Blectricity in the same way as if they were placed in any battery trough, 
instantly suggested the application of the earth, in this way, as a battery 
for the purposes of depositing. We remember of an offer made to a 
manufacturing electro-metallurgist of an exclusive right to work this 
form of battery for their depositions ; and the principle of the battery 
insisted upon by the patentee was, that there were constant currents of 
electricity passing through the earth, aud by burying a sheet of 
copper and a sheet of zinc a few feet apart, and connecting them by 
a wire which, being a better conductor than the earth, induced the 
natural current to pass through it, thus giving an inexhaustible supply 
of electricity. This idea was so attractive to the party negotiating for 
the patent right, that nothing less than a series of experiments, with 
large sheets of copper and zinc in different fields and localities, would 
satisfy them. We need hardly say these trials were without success. 
The electricity obtained in this way is very weak, depending wholly 
npon the moisture of the earth, and is simply a water battery. It 
would be unnecessary to enter into details of our trials with large and 
small sheets of zinc and copper, and these placed at distances of from a 
few inches to hundreds of feet apart, further than to say that we made 
electrotypes by this means, and also plated small articles with silver, but 
the action or deposition was very slow. We obtained a greater amount 
of deposition in five minutes from one square inch of zinc and copper 
placed in dilute sulphuric acid, than from four feet of zinc and copper 
placed in the earth for the space of an hour. An earth battery adapted 
to deposit from 150 to 200 ounces of silver per day would require acres 
of land and tons of zinc and copper for batteries. 

In this, as in all other forms of battery, the deposit is in relation to 
the zinc oxidised in the battery : there would, therefore, be no economy 
in using the earth battery in single pairs, and to use an intensity arrange- 
ment would add to the expense, as it would require upwards of one 
Lundred pairs thus arranged in the earth to be equal to three or four 
pairs of the same size of Wollaston^s for the object of depositing, and 
-would thus be adding to the cost of depositing one hundred times the 
equivalent of zinc, instead of four times its equivalent. 

General Remarks upon Batteries. — The temperature of the place 
in which batteries are kept affects their working power to a considerable 
extent : heat increases and cold diminishes their action ; so that although 
{he batteries should always be so situated that the gaseous fumes from 
them wiU escape into the open air ; still, if put outside and exposed to 
the weather, there is a tendency to irregular action: their effective 

D 
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power is greatly retarded by cold. Where it can be adopted, the 
batteries should be kept in a place where the temperature can be kept 
at between 60* and 70** Fahr., in which case the amount of work done 
will be regular, and the fumes should be carried away without going 
into the apartment where people are working. 

MAGNETO-ELECtRiC MACHINE. — ^Mt. Woolrich, of Birmingham, was 
the first to apply the magneto-electric current, instead of voltaic 
electricity, to the purposes of electro-metallurgy. We cannot speak 
of Mr. Woolrich's machine from experience; but, from a statement 
made at the meeting of the British Association in 1850, by Mr 
Elkington, of Birmingham, who is the proprietor of the patent, and a 
gentleman of most extensive experience, it would seem that he had up 
to that time never been induced to give up the ordinary battery in 
favour of magnetism, or any other suggested improvement. However, 
this means of obtaining electricity for the purposes of electro-metallurgy 
has been much improved by forms of magnets, &c. The first improve- 
ment published was by Mr. Millward, and described by him as follows: — 
"The first branch of the improvement is carried into effect by the 
employment of an electro-magnet, formed by a current of electricity 
produced from a magneto -electric machine, instead of that generated 
in a voltaic batteiy; and such an electro-magnet may be very advan- 
tageously used for magnetising large bars of steel, or for producing 
very powerful magnets. Any of the known forms of magneto-electric 
• machines will serve thus to convert a bar of steel to an electro-magnet ; 
but the patentee prefers to use one composed of four, eight, or any 
other number of permanent magnets, having double the number of 
armatures, and coiled with strong wire of about 60 feet in length. The 
machine about to be described has been found to answer well in 
practice. In this machine the steel magnets are composed of eight 
plates of a U form, weighing about 30 lbs. each plate ; and there are 
eight such compound magnets, all the north poles of which are arranged 
on one side of the machine, and the south poles on the other side, 
although this precise arrangement is not essential, and may be varied. 
The armatures are of soft iron, weighing about 15 lbs., and are coiled 
about with 60 feet of copper wire, of No. 4 gauge, and insulated in the 
usual manner. The armatures revolve in a brass wheel, and are caused 
to pass as near to the poles of the magnets as practicable, the com- 
mutator or brake acting on the whole eight magnets at the same 
instant, so that the current of electricity shall always pass in one 
direction, and the surfaces of the whole of the sixty-four plates be 
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in combination at the same time. The bar of soft iron used as the 
electro-magnet -with this machine weighs about 500 lbs., and is coiled 
-with bundles ol about tiiirty copper wires of No. 16 gauge, and about 
60 feet in length (the bundles are formed by binding a aeries of un- 
covered wires together into one covered strand or bundle), and the 
power of the electro-magnet will depend upon the power of tiie per- 
manent magnets used in the machine, both as to the weight it will sup- 
port from a keeper and as to its capability of rendering bars of steel 
permanently magnetic by contact tiierewith. It will, tiierefore, be 
evident that by having two sets of the permanent magnets, and chang- 
ing them in such machine, their supporting power may be increased by 
continued charges or passes from the electro-magnet thus producedr 
In one form of electro-magnetic machine, represented and described 
mnder the second head of the invention, the steel- bars or permanent 
magnets are eight in number (these bars may be of cast or soft iron ; 
but when soft iron is employed, bars of steel permanently magnetised 
-will have to be used in conjunction with them), of a U form, and 
arranged around a circle, with their poles pointing towards the centre. 
Each arm of each of the magnets has attached to it straight bars of 
steel, also rendered permanently magnetic (of which any desired num- 
ber, and of any length or size, may be employed, according to the 
strength of magnet required), which are so placed as to be out of the 
influence of the armatures when the latter are revolving. The poles of 
the U-shaped magnets are, on tiiC contrary, as nearly as possible in 
contact with the amiatores which revolve within the circle formed by 
them, either between the poles or in front of them. Instead of the bars 
which form the circle being of steel and magnetised, they may be made 
of soft iron, and depend for their magnetism upon the magnetic bars 
before-named placed around tiiem. In another form of machine both 
the magnets and armatures are stationary, and the commutator alone 
has motion between the poles of the horse-shoe magnets and the arma- 
tures, being mounted on a spindle and caused to revolve by a band from 
some driving machinery. The commutator, or brakepiece, is composed 
of a brass centre, with four radial arms of soft iron, either solid or 
formed of two or more plates.^' — See Repertory of Patent Inventions, vol. 
xviii., for 1851, and Sketches therein; 

The quality of these machines for depositing depends much upon 
their sustaining power. Eight of these sets of plates or magnets, con- 
taining altogether about 12 cwt. of steel, in a proper state of working, 
are said to form a battery capable of depositing from 12 to 20 ounces of 
stiver per hour. 



62 DESCRIPTION OF GALVANIC BATTERIES. 

The most effective and useful improvement made upon the electro- 
magnetic machine we have seen is that . by Mr. Wilde. Mr. William 
Crooks, in the Journal of Science (1866), gives an exhaustive description 
of this machine, from which we make the following extract : — 

"The principle of the machine can be expressed in a few words: it 
consists in the application of the current from an electro-magnetic 
machine, armed with permanent magnets, for the purpose of exciting a 
powerful electro -magnet — this electro -magnet being now used as 
the basis of a still larger electro-magnet machine, for the purpose of 
having induction currents produced by its agency. In other words, by 
well-known means an electric current can be obtained by the rotation 
of an armature close to the poles of a magnet. If this electric current 
be passed round an electro-magnet, it maybe made to produce a far 
greater amount of magnetism than was passed by the first magnet. 
There is no difficulty, therefore, in comprehending how, by the mere 
interposition of a rotating armature and the expenditure of force, a 
small and weak magnet may be made to actuate a very powerful magnet ; 
but as the power of the magnet increases, so does the power increase 
of the electric current, which may be generated by induction in aa 
armature rotating between its poles. 

" The weight of the electro-magnet of the 10-inch machine is nearly 
3 tons, and the total weight of the instrument is about ^^ tons. The 
machine is furnished with two armatures, one for the production of 
* intensity,' and the other for the production of * quantity ' effects. The 
intensity armature is coiled with an insulated conductor, consisting of a 
btmdle of thirteen No. 11 copper wires, each 0*125 of an inch in 
diameter; the coil is 376 feet in length, and weighs 232 lbs. The 
quantity armature is enveloped with the folds of an insulated copper- 
plate conductor 67 feet in length, the weight of which is 344 lbs. 

" With the three armatures, driven at a uniform velocity of 1500 revolu- 
tions per minute, an amount of magnetic force is developed in the large 
electro -magnet far exceeding anything which has hitherto been pro- 
duced, accompanied by the evolution of an amount of dynamic electricity 
from the quantity armature, so enormous as to melt pieces of cylindrical 
iron rod fifteen inches in length, and fully one quarter of an inch in 
diameter, and pieces of copper wire of the same length, and one-eighth 
of an inch in diameter. 

" The extraordinary calorific and illuminating powers of the 10-inch 
machine are all the more remarkable from the fact that they have their 
origin in six small permanent magnets, weighing only 1 lb. each, and 
only capable at most of sustaining collectively a weight of 60 lbs. 
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When working up to its full intensity, it requires an engine of about 
7 horse-power to drive it.** 

More recently M. Gramme has constructed an electro -magnetic 
machine of a somewhat different form, a description of which is given 
in Nature^ vol. xii., from which we extract the following; — 

<* These machines weigh 750 kilogrammes, and the weight of copper 
used in their construction is about 175 kilogrammes. With a small 
engine of one horse-power, one of them will deposit 600 grammes of 
silver per hour (19^ oz.) By some recent modification in its construc- 
tion, this machine has been improved so as to increase the weight of 
silver deposited per hour to 2100 grammes, or above 4^ lbs." 

In this statement no mention is made as to the size of the electrodes 
on which this quantity of silver can be deposited, as that is of great 
consequence, and also the arrangement of these electrodes. However, 
such machines as the above cannot but be of great consequence to a 
manufacturing electro -metallurgist, whose business is so extensive as to 
warrant the expense of the first cost ; but in the ordinary operations of 
plating and gilding, the construction of the batteiy is so simple, and the 
immediate outlay so small, that only a few in the trade have as yet 
adopted the electro -magnetic machines. Where there is intensity 
accompanied with quantity, the intensity may be utilised by an arrange- 
ment of the electrodes, as referred to at Fig. 35. 

Before concluding the description of batteries, we may briefly notice 
one or two little conveniences which are indispensable to the operation. 
The first of these is what are termed binding screws, by which the parts 
of batteries, as we have shewn by numerous figures, are connected 
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Fig. 20. Fig. 21. Fig. 22. Fig. 2a Fig. 24. Fig. 25. Fig. 26. 

together, or by which their poles are connected to the objects through 
which the voltaic current is to be passed. They are usually made of 
brass, and of various forms, according to the shape of the objects that 
are to be connected. 

Figs. 20 to 26 represent some of the most useful kinds ; Fig. 20 is 
used to connect wires together ; Figs. 21 and 25 are required for Smee*s 
battery (see Fig. 17) ; Figs. 24 and 26, to connect the plates of Grove's 
battery; Figs. 22 and 23 are used for Daniell*s battery. In all cases. 
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the parfB that touch the surfaces to be connected must be perfectly dean 
and bright. 
In many cases, when operating with weak currents, it is desirable to 





Fig. 27. 



Fig. 28. 



ascertain whether there is a current, and its probable strength. This is 
easily determined by means of a galTanometer, two varieties of which 
are represented by Figs. 27 and 28. 

A galvanometer is a magnetic needle surrounded by a copper wire in 
the direction of the needle. When a current of electricity passes 
through this wire the needle will turn round until it stands at right 
angles to the wire or electric current. A needle resting upon a point, 
as Fig. 27, of some weight, requires a stronger current to move it than 
one very fine and light suspended by a silk thread, as Fig. 28, will The 
latter will stand at right angles when the current of electricity is too 
weak to decompose a solution of sulphate of ^copper. 
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Sinctle-Cell Operations. — We shall now proceed to detail the pro- 
cess of electrotyping, the materials for which are of the most simple 
nature. Let us suppose that the object of the student is to copy a 
copper medal — ^for example, the side of a penny-piece. Dissolve a 
quantity of the crystals of sulphate of copper in any convenient vessel ; 
if distilled water can be had, the better. This is conveniently done by 
siuspending the crystals in a coarse cloth on the surface of the water, or 
the crystals may be put into the water, and well stirred till dissolved ; 
crushing the crystals facilitates their solution. The water should be 
kept cold, and be fully saturated with the salt, and the solution allowed 
to stand untouched for several hours. This last precaution is not 
always essential, but only necessary when the copper solution is not 
perfectly clear and transparent. 

The sulphate of copper of conunerce has often a large quantity of 
iron in it, a portion of which becomes per-oxidised, and will precipitate 
or fall to the bottom of the solution on standing ; indeed, when it is 
known that the salt contains much iron, it is best to crush the salt very 
&ie, and expose it to the air for some time; when dissolved, after 
this exposure, a great quantity of iron will settle to the bottom, the 
solution should be carefully^ decanted, and the last portion filtered. 
The clear saturated solution should now have about one-fourth more 
water added to it, as a completely saturated solution is not the best. A 
newly-formed solution does not deposit so freely as one that has been 
in use for some time. The addition of a few drops of sulphuric acid, 
or, what we have found better, a little sulphate of zinc — about one 
ounce to the pound of sulphate of copper — ^improves the condition of a 
new solution. 

Next, put the solution of sulphate of copper into the vessel intended 
for use, say it is a large jelly-pot, in which let a vessel of unglazed 
porcelain (porous vessel) be placed, filled to within half an inch of the 
mouth witi^ a mixture of twenty-four parts water and one sulphuric 
acid, taking care that the copper solution is of the same depth as the 
Bolution in the porous cell. 
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Preparation of the Coin. — A fine copper wire is now put round 
the edge of the coin or medal, and fastened by twisting. Or, if the 
wire cannot be fastened round the edge of the coin, take a thin strip of 
copper, about half-inch broad, clean the back of the coin and the 
portion of the slip to be laid upon the coin, put the two surfaces- 
together, press them tight till you pour a little bees'-wax over them, 
and when it solidifies it will hold the two surfaces together ; or a strip 
of gum paper put over them will keep the two surfaces together. Then 
cover the whole back part, including copper slip, upon which the de- 
posit is not required, with bees'-wax or tallow, or, what is better, imbed 
the back of the coin in gutta percha. Have the fore part or face, upon. 
which the deposit is required, weU cleaned, and the surface moistened 
with sweet oil by the aid of a camel's hair pencil, and then cleaned off 
with a silk cloth till the surface appears dry ; or, instead of oil, the sur- 
face may be brushed over with blacklead, which will impart to it a 
bronze appearance. The use of the oil or blacklead is to prevent the 
deposit from adhering to the face of the coin. A very common method 

to prevent the copper deposit adhering to the 
copper mould is this : — ^Take a gill of rectified 
spirits of turpentine, and add to it about the 
size of an ordinary pea of bees'-wax. When 
this is dissolved, wet over the surface of the 
mould with it, and then allow it to dry : the 
mould is then ready to put into the solution. 
Medals taken from moulds so prepared retain 
their beautifully bright colour for a long time.. 
But when fine line engravings are to be coated, 
the little wax dissolved in the turpentine may 
be objectionable ; so also is blacklead, for both, 
have a tendency to fiU up the fine lines. In this case, let the wash with. 
turpentine be wiped off by a silk handkerchief, instead of drying it ; but 
for ordinary medals this objection will scarcely apply. This being 
done, the opposite end of the copper wire round (or slip attached to) 
the penny-piece is to be connected with a piece of amalgamated zinc, 
either by means of a binding screw or a hole in the zinc. Then place 
the zinc in the acid within the porous cell, and put the penny-piece into 
the copper solution ; bring the face of the coin parallel to the zinc, at 
the distance of about half an inch or one inch from the porous vessel. 
Deposition immediately begins, and the metal thickens according to the 
length of time the action is kept up (Fig. 29). In about twenty-four hours 
the deposit will be of the thickness of a common card, and it may then be- 




Fig. 29. 
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taken ofF. The zinc is t« be brushed and vashed before it is put aside. 
Tlie wire or slip attached to the coin is now to be removed, and Hie wax, 
or whaterer has been uaed to prevent the deposit going upon the back, 
is melted off. Should ttaj particles of copper be deposited npon the 
edge of coin or medal, these are to be removed or rased off with a pen- 
knife, after which the deposit is eaailf separated from the coin : it wil) 
be fonnd a perfect counterpart of the face of the penny-piece, forming 
a mould. 

This monld is next to be treated exactly as described for obtdning it 
from the penny-piece, and the deposit from it will be a/ac-simle of one 
side of the penny-piece or medal. With care, any number of duplicates 
ma; be taken from this mould. 

It need hardly be remarked, that as copper is deposited the solution 
becomes proportionally exhausted, and in a short time the current of 
electricity passing will be too mach for the strength of the solution, 
which will then give a deposit of a sandy coudstence without tenacity.* 
It is therefore necessary, while the deposition is going on, to suspend 
some crystals of snlphate of copper at the top of the solution, which, 
as they diasolve, will maintm its strength. 

FoBMS OF Apparatus.^ We have referred to a j'eily-pot and porous 
cell, but it will be observed tliat no particular form of apparatus ia 
required for electrotyping, but certain 
modifications may bo adopted tor con- 
venience and economy. As every por- 
tion of the zinc in the acid is capable 
of giving off electricity, by placing the 
cell that contains the zinc in the centre 
of the copper solution moulds may be 
suspended on each side of that cell 
(Fig. 30). We have also observed (see 
Darnell's battery) that the zinc plate 
should not be allowed to touch the cell, 
as the copper will be reduced upon it j.- «« 

and the cell destroyed. To avoid this, 

a thin piece of wood is placed at the bottom of the cell, and the zinc 
allowed to rest upon this. 

Instead of porous vessels made of earthenware, a bladder may be 
nsed, in which the acid and zinc are placed. We have also seen a 
vessel prepared for this purpose with a groove in centre, into which 

■ Sea Lang ot DeposltloD, pige 11. 
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was placed a porous partition — either a plate of biscuit porcelain, plaster 
of Paris, very thin sycamore wood, or dressed skin fixed upon a frame. 
The porcelain, as before-mentioned, is the best ; plaster is too porous, 
and the solution soon destroys it ; wood is too close, and the deposit is 
consequently yeiy slow ; skin does very well for a short time, but it is 
soon destroyed. When porous cells were not convenient, we have 
made electrotypes by wrapping the zinc plates in two or three folds of 
stout cartridge-paper, moistened with a solution of salt, and placing this 
in the copper solution with the mould. Of course, this is only to be 
adopted when a porous vessel cannot be obtained. The paper lasts but 
a short time, and has therefore to be frequently renewed; besides 
which, there is always a deposit of copper upon the paper, thus occa- 
sioning a loss. We have found common coarse garden-pots answer 
excellently for porous vessels, closing the aperture at bottom with a 
cork. 

The precautions that have been given (see Darnell's battery, p. 41) 
as to the preserving of the porous cells when not in use, are applicable 
to the cells or partitions used in these processes, which, when not in 
use, should be kept in water, or should not be allowed to dry until 
they have been in water long enough to dissolve out the salts that were 
within the pores of the cell ; otherwise the salts crystallise, and either 
crack the cell or cause it to scale off in small pieces. Porous cells, 
when not thoroughly washed and freed from salts, if laid aside for a 
few days, often throw out an efflorescence, or crystalline growth, like 
mould upon paste, of a soft silky texture, and from one-half to one inch 
in length. An analysis of this efflorescent matter gave — 

Oxide of zinc, 39-6 

Sulphuric acid, 26*0 

Water, 34-2 



99-8 



CoMPARATiyE Value of Exciting Solutions. — ^We have recommended 
the porous ceU being fiUed with dilute sulphuric acid, which we consider 
best ; but other saline solutions will serve the same purpose : solutions 
of common salt, salammoniac, and sulphate of zinc have been recom- 
mended, and each has been caUed best in its turn. The following^ 
results of experiments with these solutions in the porous cell will shew 
their relative qualities, and enable the student to judge for himself. 
The size 6f the zinc in the liquid used in these experiments measured 
six inches by six inches ; the copper plates upon which the deposits wero 
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f oimed were the same size ; the solution of copper was kept at the same 
strength ; the time that each was in solution was sixteen hours. The 
sulphuric acid used in these and in other experiments to be cited is con- 
centrated, equal to 167? Twaddell. 



Solution in Porous C361L 


ZittoiMBBolYed. 


Ck>pper Depofdted. 


SalamTnoJiiac. 


Oz. 


I>wt. 


Gr. 


Oz. 


Dwt 


Gr. 


Saturated solution, . 
1 part saturated solution, > 
1 part water, . . . f 
1 part saturated solution, \ 
S parts water, . . . ]" 


1 
1 




5 

8 

12 


14 

5 

13 


1 

1 




2 
3 

10 


12 
10 

17 


Common Salt. 














Saturated solution, . 
1 part saturated solution, \ 
1 part water, . . . ) 
1 part saturated solution, } 
3 parts water, . . . ) 





1 


16 
18 




3 
9 

5 








14 
17 

19 


12 
8 

16 


Sutphate of Zinc. 














Saturated solution, . 
1 part saturated solution, > 
1 part water, . . . f 
1 part saturated solution, ) 
3 parts water, . . . ]" 


1 

1 




3 



14 


18 
8 

16 









19 
19 

14 



18 

8 


Sulphuric Acid. 














1 part to 8 of water, 
1 part to 16 of water, 
1 part to 24 of water. 


3 
2 
2 


1 

11 

7 


6 
8 
3 


1 

2 
2 


4 
1 
6 


8 
8 
6 



How OFTEN Solutions should be Changed and Zinc Amalgamated. 
— Students have often put this question to us : How often should the 
solution in the ceU be renewed, and the zinc plate be amalgamated ? 
The following are the results of many trials made to ascertain the 
facts necessary to answer this inquiry. The zinc plates used were 
nearly 1 foot square, and the copper plate upon which the deposit 
was made was of the same size as the zinc plates. 



Copper 

deposited. 

oz. dwt. 

12 9 


Zinc 

diasolyed. 

oz. dwt. 

12 17 


17 13 


20 17 


24 15 


34 3 


9 13 


9 18 


16 4 


17 10 


23 10 


24 8 


15 17 


17 15 


27 16 


32 3 
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In the first series the zinc plates were not taken out either to brush 
or re-amalgamate, neither were the solutions renewed during the time 
specified; but the zincs were newly amalgamated, and the solutions 
new at the commencement of each period. 



^ „ ,, . (24: hours, . 

2. lbs common salt m one I .^ , ' 

.... < 48 hours, , 

gallon of water, ) go hours, . 

2 lbs. sulphate of zinc in ( 24 hours, . 

one gallon of water, 1 48 hours, . 

( 60 hours, , 

1 lb. sulphuric acid to 24 J 24 hours, . 

of water, ( 48 hours, . 

From these results it is evident that the best and most economical 
manner would be to renew the solution every 24 hours ; in the second 
24 hours, as seen in the experiment of 48 hours with common salt, 
the extra deposit of copper is only 5 ounces 4 dwt., instead of 12 
ounces 9 dwt. obtained in the first 24 hours ; and the loss of zinc for 
this is 8 ounces instead of 5^, as it should be ; and in the 60 hours 
the amount deposited is only equal to what will be got by two 24: 
hours with new solutions, and the loss of zinc is one-third more. 
With the sulphuric acid as the exciting solution, there is more 
work done in the 48 hours than is done by any of the other two 
exciting solutions in 60 hours ; and even with the sulphuric acid it 
will be observed that the second 24 hours of the action is much, 
less economical than the first. The difference in the cost of the 
exciting solutions is not worth consideration compared with the 
work done. To verify these results, our next series of experiments 
was with the same size of zinc and the same kind of solutions; but 
the zincs were taken out every 24 hours and brushed, but not re- 
amalgamated, and put back again with new solutions in the porous 
cell. 

Copier Zinc 

deposited. dissolyed. 
oz. dwt oz. dwt. 

Salt and water, . 4 days of 24 hours, . 49 16 51 8 
Sulphate of zinc, . 4 days of 24 hours, . 47 14 48 9 
Acid and water, . 3 days of 24 hours, . 48 13 53 7 

These results give the most ample reply to the question so often 
put, and will guide the manufacturer as well as the student in his 
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operations, whether time or material be of the greatest consequence 
to him. 

We may again remark that the sulphate of zinc solution does not 
require renewal; but when the zinc is brushed or re-amalgamated, half- 
empty the cell and refill it with water. The sulphate of zinc poured 
out being nearly saturated, may be crjrstallised, and may serve for 
other electro -metallurgical operations, or be sold. 

Although these experiments were done with what is termed the 
single-cell system, our experience in depositing by a separate battery 
gave results still more in favour of the advantages obtained by keeping 
the zinc plates clean, and re-amalgamating them at short intervals, and 
also of the economical advantage of using dilute sulphuric acid with 
batteries that are in daily use, and where the object is quantity of metal 
deposited (see Description of Batteries). 

Making of Moulds. — The directions given for obtaining a mould 
from a penny-piece by deposition, are applicable ^to taking moulds 
from any metallic medal, engraving, or figure that is not undercut, 
and for depositing copper within the moulds so produced. On the 
first discovery of this art, the electrotypist was confined to metallic 
moulds, as the deposition would not take place except upon metallic 
surfaces; but the discovery that plumbago, or blacklead polished, 
had a conducting power little inferior to that of metal, and that the 
deposit would take place upon its surface with nearly the same facility 
as upon metal, freed the art at once from many of its trammels, and 
enabled the operator to deposit upon any substance — ^wood, plaster 
of Paris, wax, &c. — ^by brushing the surface over with blacklead. 
It obliged the electro-metallurgist, however, to render himseK expert 
in the art of moulding, since no good electrotype can be obtained 
■wdthout a perfect mould. We shall for this reason endeavour to 
give such instructions as will enable the student to make good moulds 
after a very short practice ; but we need hardly add, that in this as 
Tvell as in every operation, however plain may be the instructions and 
easy the manipulations, practice is necessary to ensure success ; so 
that the student ought not to lose patience should his first attempt 
not succeed to his wishes. The substances used for taking moulds 
from objects to be copied by electrotype are bees'-wax, stearine, 
plaster of Paris, fusible metal, and gutta percha; indeed, any substance 
that will receive and retain an impression, and is not liable to be affected 
by the solution from which the metal is to be deposited, will serve the 
purpose. The articles to be copied are generally composed either of 
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plaster of Paris or metal. Suppose, in the first place, the article to be 
copied is of metal, and a mould is to be taken from it in wax or 
Btearine. The latter we have not found to answer well alone; when 
used it should be mixed with wax, about half-and-half. 

Preparation of Wax. — ^Whether the bees'-wax have stearine in it 
or not, it is best to prepare it in the following manner : — ^Put some 
common virgin wax into an earthenware pot or pipkin, and place it 
over a slow fire ; and when it is all melted, stir into it a little white- 
lead (flake white), say about one ounce of white lead to the pound 
of wax; this mixture tends to prevent the mould from cracking in 
the cooling, and from floating in the solution : the mixture should be 
re-melted two or three times before using it for the first time. 

To TAKE Moulds in Wax. — ^The medal to be copied should be 
brushed over with a little sweet oil; a soft brush, called a painters^ 
sash tool, suits this purpose well: care must be taken to brush the 
oil well into all parts of the medal, after which the superfluous oil 
should' be wiped off with a piece of cotton or cotton wooL If the 
medal has a bright polished surface, very little oil is required; but if 
the surface be matted or dead^ it requires more care with l^e oil. A 
slip of cardboard or tin is now bound round the edge of the medal, 
the edge of which slip should rise about one-fourth of an inch higher 
than the highest part on the face of the medal: this done, hold the 
medal with its rim a little sloping, then pour the wax in the lowest 
portion, and gently bring it level, so that the melted wax may 
gradually flow over; this will prevent the formation of air-bubbles. 
Care must be taken not to pour the wax on too hot, as that is one 
great cause of failure in getting good moulds: it should be poured 
on just as it is beginning to set in the dish. As soon as the com- 
position poured on the metal is set (becomes solid), undo the rim; 
for if it was allowed to remain on till the wax became perfectly cool, 
the wax would adhere to it, and being thus prevented from shrink- 
ing, which it always does a little, would be liable to crack. Put the 
medal and wax in a cool place, and in about an hour the two will 
separate easily. When they adhere, the cause is either that too 
little oil has been used, or that the wax was poured on too hotL 

BosiN WITH Wax. — ^Rosin has been recommended as a mixture 
with wax — ^mixtures of which, in various proportions, we have nsed. 
with success; bat when often used decomposition or some change 
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takes place, which makes the mixtare granular and flexible, rendering 
it less useful for taking moulds. When rosin is used, the mixture, 
-when first melted, should be boiled, or nearly so, and kept at that 
heat until effervescence ceases; it is then to be poured out upon & 
flat plate to cool, after which it may be used as described. 

Moulds in Plaster. — If a plaster of Paris mould is to be takea 
from the metallic medal, the preparation of the medal is the same 
as described above; and when so prepared with the rim of card- 
board or tin, get a basin with as much water in it as will be sufficient 
to make a proper sized mould (a very little experience will enable 
the operator to know this), then take the finest plaster of Paris and 
sprinkle it into the water, stirring it till the mixture becomes of the 
consistence of thick cream ; then pour a small portion upon the face of 
the medal, and with a brush similar to that used for oiling it gently 
brush the plaster into every part of the surface, which will prevent 
the formation of air bubbles; then pour on the remainder of the 
plaster till it rises to the edge of the nm : if the plaster is good, it 
will be ready for taking off in an hour. The mould is then to be 
placed before a fire, or in an oven, until quite dry, after which it is 
to be placed, back downwards, in a shallow vessel containing melted 
wax, not of sufficient depth to flow over the face of the mould, 
allowing the whole to remain over a slow fire, or upon a hot plate,, 
until the wax has penetrated the plaster, and appears upon the face. 
Having removed it to a cool place to harden, it will soon be ready 
for electrotyping. If the mould is large spd the plaster thick, the 
wax may be put upon the surface, and only as much as will penetrate 
a smaU way into the plaster. In both these instances the wax used 
is generally lost, and there is always liability of the copper solution 
passing through, and causing what is termed surface deposit^ making- 
the face of the medal rough. We may remark that although occasion- 
ally there may be a very good electrotype obtained from a plaster 
mould, still they are in general very inferior, as the saturating of the 
plaster has a tendency to blunt the impression, and the wax used for 
the purpose of saturation becomes expensive. It may be partially 
recovered by boiling the plaster in water: the wax melts out, and is 
obtained when the water cools. Plaster should not be used for 
moulds where wax can be employed, being neither so good nor so 
economical; but there are cases in which the moulds being very 
large, the use of plaster is unavoidable. 
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Moulds in Fusible Alloy. — ^This name is given to alloys of two op 
more metals which melt at very low temperatures ; it suits the purpose 
of taking moulds of small objects very well. The following are examples 
of such compositions : — 



Tin. 


Lead. 


BlBmuth. 


1 


1 


2 


3 


2 


6 


1 


2 


3 


3 


5 


8 



These all melt at a temperature below that of boiling water; the 
ingredients are melted together in an iron ladle, poured out upon a 
flat stone, broken up, and re-melted in the same way two or three times, 
in order that they may be thoroughly mixed. The medal from which 
the mould is to be taken is prepared in the same manner as described 
for wax. 

The means of taking moulds with fusible metal are the following : — 
The fusible alloy is melted and poured into a saucer, or, what does 
better, a small wooden tray ; the operator now watches it till it cools 
down into a semi-fluid state, or to the point of setting, when he brings 
the medal suddenly upon it, face downwards, and holds it there until 
the alloy has fairly set ; he then allows it to cool, and undoes the slip 
around the medal, from which the mould will easily separate. The 
height of the slip of paper above the surface of the medal determines of 
course the thickness of the mould. The beginner very seldom succeeds 
in his first attempts at making moulds in fusible aUoy ; but as a little 
experience teaches more than the reading of an essay upon the subject, 
he will soon find both his patience and labour rewarded with gratifying 
success. Or the melted alloy may be poured upon the face of the 
medal in the same manner as described for taking wax moulds ; but this 
method does not do so well: however, as these alloys all melt at the heat 
of boiling water, the medal or object being moulded may be kept at a 
temperature that will keep the alloy melted either by placing them into a 
water-bath or oven ; after being kept in the melted state over the medal 
for a few minutes they are removed and allowed to cool, when the mould 
and medal are easily separated. Some of the finest moulds are taken by 
this process ; but from the constant loss of the materials by oxidation, 
&c., it is expensive, so that the use of such alloys amongst electro- 
metallurgists is very limited. 

Moulds in Gutta Percha. — Gutta percha, as a material for mould- 
ing, serves the purpose most admirably. We have seen moulds of this 
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fiubstance equal, if not superior, to any that we ever saw taken in wax, 
and of a depth of cutting which it would have been very difficult to 
have taken in wax. The method adopted for taking moulds is to heat 
the gutta percha in boiling water, or in a chamber heated to the 
temperature of boiling water, which makes it soft and pliable. The 
medal is fitted with a metallic rim, or placed in the bottom of a metal 
saucer with a cylindrical rim, a little larger than the medal ; the medal 
being placed back down, a quantity of gutta percha is pressed into the 
saucer, and as much added as will cause it to stand above the edge of 
the rim : it is now placed in a common copying press, and kept under 
pressure until it is quite cold and hard. The impressions taken in this 
way are generally very fine ; when the medal is not deep cut, a less 
pressure may suffice, but when the pressure is too little the impression 
will be blunt 

Stereotypes and engraved plates of large size and fine patterns are 
copied in this way by the electrotype process. The Bank of France in 
order to prevent counterfeiting their notes, has upon the same plate all 
kinds of engraving done by different artists, whose work can be recog- 
nised, and this plate is copied by taking a gutta percha mould in the 
manner described, and depositing copper upon it. Gutta percha may 
be softened by mixing virith it a small quantity of oil, tallow, or wax. 
Gutta percha takes a coating of blacklead readily, and the deposit goes 
over it easily. 

A mixture of gutta percha and marine glue has been recommended 
for moulds as superior to gutta percha alone. We have not found this 
Tecommendation to be of general utility ; when moulds are small, and 
used immediately after being made, they do very well ; but when of large 
size, and allowed to stand for any length of time, they have a tendency to 
lose their shape and even their proportions. 

Moulds from Ferns, Seaweed, &c. — ^A method of taking impres- 
sions of fern leaves and seaweeds was proposed by Dr. F. Branson, in 
the Athenceum. It is thus described : — 

"A piece of gutta percha, free from blemish, and the size of the 
plate required, is placed in boiling water. When thoroughly softened, 
it is taken out and laid flat upon a smooth metal plate, and immediately 
dusted over with the finest bronze powder used for printing gold letters. 
The object of this is threefold — ^to dry ^the surface, to render the surface 
more smooth, and to prevent adhesion. The plant is then to be neatly 
laid out upon the bronze surface, and covered with a polished metal 
plate either of copper or of German silver. The whole is then to be 

E 
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subjected to an amount of pressure sufficient to imbed the upper plate 
in tlie gutta percha. When the gutta percha is cold, the metal plate 
may be removed and the fern gently withdrawn from its bed. A. 
beautiful impression of the fern will remain.^' If the bronze powder 
adhering to the gutta-percha mould is not sufficient to act as a 
conductor for receiving the deposit, this property can be ensured by 
brushing over the surface of the mould with fine blacklead, when a 
perfect electrotype copy of the fern can be obtained. 

We have seen many electrotype leaves done by this method, which 
were certainly very pretty as electrotypes, and the process is well 
adapted for flat leaves ; but the pressure required renders it unsuitable 
for many kinds of leaves, indeed it destroys the natural forms of the 
greater number both of leaves and seaweeds. The products of the 
process cannot, indeed, be compared with those electrotype leaves the 
moulds of which are taken by wax. The great merit of the process is 
its ease and simplicity. The method given for taking the mould of the 
leaf is suitable for any kind of flat mould in gutta percha. The mould 
of a leaf may be taken in plaster, by placing the leaf upon dry sand and 
pressing the sand under and on each side to fill up the spaces under 
the leaf, so as to bear the pressure of the plaster, putting a collar of 
paper round the sand to prevent its yielding, and then pouring the 
plaster over the whole. When the plaster is set, the leaf is removed 
and the plaster trimmed round with a knife. This also] has its 
difficulties ; for when leaves have hairs upon them, they stick into the 
plaster. The method of taking moulds of leaves in wax is by holding 
the leaf in the hand, and brushing a thin layer of melted wax over. the 
surface to be moulded, allowing this to harden, and then brushing on 
another layer, and so on until the wax is sufficiently thick to suffer 
handling. The leaf is then gently drawn off the wax, which is to be 
blackleaded, and put into the electrotype apparatus to receive the 
coating of copper. A type of the leaf is by this means obtained with 
all its natural convolutions. 

Nature Printing. — Another method for making moulds of leaves 
and other vegetable objects has been practised by an eminent firm in 
London. The leaf is carefully dried and laid upon a smooth piece of 
milled lead, which is placed between two steel plates, and passed 
between rollers; these press the leaf into the lead, and produce a 
complete mould. Copies from this may be taken with gutta percha or 
electrotype. Printed impressions of leaves, seaweed, and such like 
objects prepared in this way, may be seen in an excellent work pub- 
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lished hy Bradbury and Evans ; and a fall detail of the process, with 
specimens, will be found in the Proceedings of the Royal Institution for 
1854. The same objections apply to this process as to that by the gutta 
percha. Roseleur describes the copying of nettle and other leaves so 
perfect that all the hairs on their surface were to be seen thus, — '^ One 
of the sides of a fresh leaf was covered by means of a brush with a thin 
paste of plaster of Paris, and after the drying of this first coat, other 
layers were applied, until a resisting block had been obtained with the 
leaf uppermost The free side was then covered with several coats 
(always with a brush or pencil) of gutta percha dissolved in bisulphide 
of carbon, and lastly with melted gutta. The mould was removed from 
the leaf, metallised, and immersed in the galvano-plastic bath/^ 

Casting of Keptiles, &c. — limbed the subject in a mould made of 
four parts of plaster of Paris, one of unbumt lime powder, and one of 
Flanders brick-dust. Dry the mould carefully in an oven, then make 
it red-hot, and bum the subject out of it, taking care to free the mould 
from the ashes. Before putting this mould into the oven to dry, insert 
two or more iron or smooth wooden pins, one end touching the object 
inside, the other projecting outside. When the mould is dried, and 
before burnings these are carefully removed to allow escape of gas and 
to remove the ashes ; by a proper arrangement of these holes the carbon 
of the article may be consumed, when the remaining ash is easily re- 
moved. Fusible metal may be cast in this mould, or a wax model may 
be taken of the object, pouring the wax in just before setting. The 
whole is now placed in water, the lime causes the mould to dissolve or 
break up, and the figure modelled within it may be taken and covered 
virith copper, and the wax afterwards melted out. Flowers, insects, 
lizards, and other little animals may be typed in this way. In all these 
processes, perseverance and care are the best cures for little difficulties. 

Wax Moulds from Plaster. — ^If the object, which we assume to be 
a medal, froni which the mould is to be taken, be composed of plaster 
of Paris, and the mould to be taken in wax, the first operation is to 
prepare the plaster medal. Some boiled linseed-oil, such as is used by 
house-painters, is to be laid over the surface of the medal with a cameFs 
hair pencil, and continued until it is perfectly saturated, which is known 
by the plaster ceasing to absorb any more of the oil. This operation 
succeeds best when the medal is heated a little. The medal should 
now be laid aside till the oil completely dries, when the plaster will be 
found to be quite hard, and having the appearance of polished marble ; 



as 

it IB conseqiieiitly fit to be used for takiiig the wax mould, which is 
done in tiie same maimer as we have described for taking a wax motdd 
from a metaUic metaL 

Maaj prefer saturating the medal with water: tins is beat done by 
placing the medal back down in the water, bnt not allowing it to flow 
oyer the face ; the water rises bj capiDary attraction to the sniface of 
the medal, rendering the face damp without being wet. The rim being 
now tied on the plaster medal, the melted wax is ponied npon it. This 
method is equally good, but liability to fiulnre is much greater, caused 
generally by the wax being too hot. 

The plaster medal may also be satoiated with skimmed nulk, and 
then dried ; by repeating this twice, the plaster assumes on the surface 
an appearance like marble, and may be used for taking wax moulds. 

Mould of Plaster from Plaster Models. — When a plaster mould 
is to be taken, the face of the model is prepared differently to that de- 
scribed, in order to prevent the adhesion of the two plasters. The best 
substance we have tried for this purpose is a mixture of soft soap and 
tallow, universally used by potters for preparing their moulds, and called 
by them lacquer. It is prepared in the following manner : — Half-a-pound 
of soft soap is put into three pints of clean water, in any convenient 
vessel, which is set on a clear fire, and the solution ke^t in agitation by 
stirring ; when the mixture begins to boil, add from one ounce to an 
ounce and a half of tallow, and keep boiling till it is reduced in 
bulk to about two pints, when it is ready for use. The surface of the 
medal must be washed over with this lacquer, allowing it to absorb as 
much as it can, when it assumes the appearance of polished marble ; it 
is now prepared with a rim of paper, and the mould taken as directed 
for taking plaster moulds from metallic medals. When hardened, they 
will separate easily. Wetting the plaster model with a solution of soap 
before taking the cast will do, or, if the plaster model has been satu- 
rated with oil or milk, it has only to be moistened with sweet oil, the 
same as a metal model 

Fusible Allot frou PLASTER.-~If a mould of fusible metal be 
required from a plaster medal, the plaster may be saturated either with 
boiled oil or the soap and tallow lacquer, and the mould taken in the 
same maimer as from a metallic medal. 

CoppsR Moulds from Plaster. — ^Many dectro-metallmgists prefer 
taking a mould in copper when the medal is of plaster of Paris. This 
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is done by the electrotype process : the plaster model is saturated with 
wax over a slow fire, as already detailed, and then prepared for taking 
an electrotype in the uBiial maimer (see page 56). We need liardly 
mixtion that the model in this case is destroyed ; bat notwithstanding, 
in the case of plaster models, to take a copper mould is the most prefer- 
able way, as it may be repaired in case of slight defect, and it may be 
used oyer and oyer again without deterioration. 

Wlien an electrotype is required of a model that is undercut, or 
of a bust or figure, the process which we haye described will not 
answer, as the mould cannot separate from the model. In such 
circumstances, the general method of proceeding is to cast the mould 
in separate pieces, and then join these toget^r. The material used 
for this purpose is plaster of Paris; the operation, however, to be 
done well, requires a person of considerable experience. If the 
undercutting is not very great, a gutta percha mould can be taken 
by the process already described; but before remoying the mould 
subject it to a heat of boiling water to soften the gutta, which by 
careful manipulation may be removed without damage to either 
mould or modeL 

Elastic Moulding. — ^The process patented by Mr. Farkes for 
taking a mould of any kind of model in one piece, is excellently 
adapted for the electrotypist. The material is composed of glue and 
treacle: 12 lbs. of glue is steeped for several hours in as much water 
as will moisten it thoroughly. This is put into a metallic vessel, 
wbich is placed in boiling water, as a hot bath. When the glue falls 
into a fluid state, 3 lbs. of treacle are added, and the whole is well 
mixed by stirring. Suppose now that the mould of a small bust is 
wanted, a cylindrical vessel is chosen, so deep that the bust may stand 
in it an inch or so under the edge. The inside of this vessel is oHed, 
a piece of stout paper is pasted on the bottom of the bust, to prevent 
the fluid mixture from going inside; and if it is composed of plaster, 
sand is put inside to prevent it from swimming. It is next completely 
drenched in oil, and placed upright in the vessel; this done, the 
melted mixture of glue and treacle is poured in till the bust is covered 
to the depth of an inch. The whole must stand for at least twenty- 
four hours, till it is perfectly cool throughout; after which it is taken 
out by inverting the vessel upon a table, when, of course, the bottom 
of the bust is presented bare. The mould is now cut by means of 
a sharp knife, from the bottom up the back of the bust to the front 
of the head. It is next held open by the operator, when an assistant 



70 ELECTBOTTPE PROCESSES. 

lifts out the bust, and the mould is allowed to reclose; a piece of 
brown paper is tied round it to keep it firm. The operator has now 
a complete mould of the bust in one piece; but he cannot treat it like 
wax moulds, as its substance is soluble in water, and would be de- 
stroyed if put into the solution. A mixture of wax and rosin, with 
occasionallj a little suet, is melted, and allowed to stand till it is on 
the point of setting, when it is poured carefully into the mould, and 
left to cool. The mould is then untied and opened up as before; 
the wax bust is taken out, and the mould may be tied up for other 
casts. Besides wax and rosin, there are several other mixtures used 
—deer's fat is preferable to common suet, stearine, &c. The object 
is to get a mixture that takes a good cast, and becomes solid at a 
heat less than that which would melt the mould. 

Moulding of Figures. — ^If the model or figure be composed of 
plaster of Paris, a mould is often taken in copper by deposition: the 
figure is saturated with wax, as described for a medal, and copper 
deposited upon it sufficiently thick to bear handling, without damage 
when taken from the model. The figure with the copper deposit is 
carefully sawn in two, and then boiled in water, by which the plaster 
is softened and easily separated from the copper, which now serves 
as the mould in which the deposit is to be made. It is prepared in 
the same way as we have described for depositing in copper moulds. 
When the deposit is made sufficiently thick, the copper mould is 
peeled off, and the two halves of the figure soldered together. The 
copper moulds which are deposited upon the wax models taken in 
the elastic moulding are often treated in the same manner; but more 
generally these moulds are used for depositing silver or gold into 
them, to obtain /ac-simUes of the object in these metals, in which case 
the copper moulds are dissolved off by adds, as will be described in 
a subsequent section* 

FlorKES COVERED WITH CoppER.— When plaster busts or figures are 
wanted in copper, the most usual way is to prepare the figure with 
wax as described, and to coat it over with a thin deposit of copper, 
letting the copper remain. Some operators, when it can be done, 
remove the plaster* and wash over the inside with an alloy of tin and 
lead melted. In this case the copper must previously be cleaned by 
wasliing first in a solution of potash, and then with chloride of zinc: 
the latter mode wiU c4tose the alloy to adhene to the copper, and give 
it slraigth« In eithtt of these cases the deposit must not be very 
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Hiick, or it will throw the figures out of proportion, such as the 
features of a bust, &c. Any slight roughness of deposit may be 
easily smoothed down by means of fine emery. 

The Preparation of Non-Metallic Moulds to receive Deposit. — 
Having detailed what we have found best for obtaining moulds of 
objects for the purpose of electrotyping, we proceed to the manner 
of obtaining a deposit upon these moulds. Were any of the plaster 
or wax moulds attached to the zinc, and immersed in the copper 
solution, no deposit would be obtained, because neither the plaster 
nor the wax is a conductor of electricity. Some substance must now 
be applied to the surface, in order to give it conducting power. There 
are several ways of communicating this property, to be afterwards 
described; but the best and most simple for the articles under 
consideration is to apply common blacklead (already referred to) 
in the following manner: — A copper wire is put round the edge of 
the medal, or if wax moulds are used, a thin slip of copper may be 
inserted into the edge of the mould, or being slightly heated and 
laid upon the back, the two will adhere. A fine brush is now taken 
(we have found a small hat-brush very suitable) and dipped into 
fine blacklead, and brushed over the surface of the medal; the 
brushing is to be continued until all the face round to the wire upon 
the edge, or slip of copper forming connection, has a complete metallic 
lustre; a bright polish is necessary to the obtaining a quick and good 
deposit. 

In brushing on the blacklead, care should be taken not to allow 
any to go upon the back or beyond the copper connection, or the 
deposit will follow it, and so cause a loss of copper, and make the 
mould more difficult to separate from the deposit — ^being, as it were, 
incased. If the electrotypist takes the labour himself of filing off all 
the superfluous copper from the edge of his deposited medal, it will 
do more than any written precautions to teach the necessity of pre- 
venting as much as possible the deposit going farther than is necessary. 
"When the face of the mould is properly blackleaded, the copper 
wire connected with it is attached to the zinc plate in the porous cell, 
and the mould immersed in the copper solution: as shewn in Fig. 29 
the deposit will immediately begin upon the copper connection, and 
will soon spread over every part, covering the blacklead polish with 
less or more facility, according to the state of the solutions and other 
circumstances to be afterwards noticed. When the deposit is con- 
ffldered sufficiently thick for removing — which, in ordinary circum- 
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stances, will require from two to three days — the medal is taken out 
of the solution, and washed in cold water, and the connection is taken 
off. If the deposit has not gone far oyer the edge of the mould, the 
two may be separated by a gentle pull ; if otherwise, the superfluous 
deposit must be eased off, and if care be taken the wax may be fit 
to use oyer again; but when the mould is plaster of Fans, howey^r 
well it may be saturated with wax or other substance, it is seldom 
in a condition to use again. If the plaster mould be^ large and thick, 
it is adyisable to coat the back with wax or tallow, which is done by 
brushing it oyer with either substance in a melted state: the mould 
being cold it will not absorb the wax or tallow, hence it may be 
recoyered again (see page 63). The sulphate of copper possesses so 
penetrating a qualify that if the slightest imperfection occurs in the 
saturation of the mould by wax, or if imperfectly protected, the 
solution wUl penetrate through it, and the copper will be deposited 
upon the face of the object adhering to the plaster, giying to the 
medal a rough, matted appearance, and seriously injuring it. 

Using Metal Moulds. — A mould in fusible alloy does not require 
to be blackleaded, but the back and edge must be protected by & 
coating of wax or other non-conducting material; it may be connected 
in the same way as the penny-piece (page 56), by putting a wire 
round its edge preyious to laying on the non-conducting substance, 
such as tallow or wax, which should also coyer the wire. Or a slip 
of copper or wire may be laid upon the back and fastened by a drop 
or two of sealing-wax; the back is then coated, but care must be 
taken that the wax does not get between the connection and the medal, 
which wiU preyent deposit. The deposit on this mould goes on 
instantaneously, the same as oyer the penny-piece. When sufficiently 
thick, it may be taken off in the same manner as from the wax mould, 
the surface haying been prepared by turpentine (page 56) to preyent 
adherence. These moulds may be used several times, if care be 
taken not to heat them to the melting point. 

The medals obtained from metallic moulds prepared with the 
turpentine solution, haye a bright surface, which is not liable to 
change easily; but if the mould has been prepared with oil or com- 
posed of wax or plaster, the metal will either be dark, or will yery 
easily tarnish. The means of preserying them, either by bronzing or 
plating with other metals, will be detailed in a subsequent section. 

PBECAUnONS ON PUTIINa THE MOULDS INTO A SOLUTION. — ^In put- 
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ting moulds into the copper solution, the operator is often annoyed 
bj small globules of air adhering to the surface, which either prevent 
the deposit taking place upon these parts, or, when they are yery 
minute, permit the deposit to grow over them — causing small hollows 
in the mould, which give a yery ugly appearance to the face of the 
medal. To obyiate this, give the mould, when newly put into the 
solution, two or three shakes, or give the wire attached to it, while- 
the mould is in the solution, a smart tap with a key or knife, or any- 
thing convenient; but the most certain means we have tried is to 
moisten the surface with alcohol just previous to putting it into the 
copper solution. A little practice in these manipulations will soon 
enable the student to avoid these annoyances. 

Deposition on large Objects. — ^AMien busts or figures, whether 
of wax or plaster of Paris, are to be coated with copper, with no- 
other conducting surface than blacklead, it is attended with con- 
siderable difficulty to the inexperienced electrotypist. The deposit 
grows over all the prominent parts, leaving hollow places, such as 
armpits, neck, &c., without any deposit; and when once missed, it 
requires considerable management to get these parts coated, as tho 
coated parts give a sufficient passage for the current of electricity. 
It is recommended by some electrotypists to take out the bust, and 
coat the parts deposited upon with wax, to prevent any further 
deposit on them; but this practice is not good, especially with plaster 
of Paris, for an electrotype ought never to be taken out till finished* 
Sometunes the resistance of the hollow parts is occasioned by the 
solution becoming exhausted of metal from its position in regard to 
the positive pole. In this case a change of position effects a remedy. 
It may be remarked, that when a bust or any large surface having 
hollow parts upon it, is to be electrotyped, as many copper connections. 
as possible ought to be made between these parts and the zinc of the 
battel^. Let the connections with the hollow parts be made with 
the finest wire which can be had, and let the zinc plate in the cell 
have a large surface compared to the surface of the figure, and the 
battery be of considerable intensity; if attention is paid to these 
conditions, the most intricate figures and busts may be covered over 
in a few hours. Care has to be observed in taking off the connec- 
tions from the deposit, or the operator may tear off a portion of tho 
deposit: if the wires used are fine, they should be cut off close to 
the deposited surface. 

To hake Busts and Figures. — Busts and figures, and other com- 
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plicated works of art, which cannot be perfectly coated with blacklead, 
may be covered by a film of silver or gold, which serves as a conducting 
medium to the copper. This is effected by a solution of phosphorus in 
bisulphide of carbon. The operation being patented, we will take 
advantage of the description given of it in the specification. "The 
solution of phosphorus is prepared by adding to each pound of that 
substance 15 lbs. of the bisulphuret or other sulphuret of carbon, and 
then thoroughly agitating the mixture; this solution is applicable to 
various uses, and amongst others, to obtaining deposits of metal upon 
non-metallic substances, either by combining it with the substances on 
which it is to be deposited, as in the case of wax, or by coating the 
surface thereof. Any of the known preparations of wax may be treated 
in this way, but the one preferred is composed of from 6 to 8 ounces of 
the solution : 6 lbs. of wax and 5 lbs. of deer's fat, melted together at a 
low heat, on account of the inflammable nature of the phosphorus. 
The article formed by this composition is acted upon by a solution of 
silver or gold, in the manner hereinafter described with respect to articles 
which have been coated with the solution." 

Roseleur states that, "When plumbago is moistened with a solution 
of chloride of gold in ether, and then allowed to dry in a shallow 
vessel exposed to solar light, we obtain gilt plumbago, which is much 
more conducting than plumbago alone. We also manufacture a silvered 
plumbago by calcining, at a red heat and in a closed crucible, a plumbago 
which has been moistened with an aqueous or ammoniacal solution of 
50 to 100 grammes of nitrate of silver per kilogramme of graphite 
employed.*' 

Coating of Flowers, &c. — " If the solution is to be applied to the 
surface of the article, an addition is made to it of one pound of wax or 
tallow, one pint of spirits of turpentine, and two ounces of India rubber, 
dissolved with one pound of asphalt, in bisulphide of carbon, for every 
pound of phosphorus contained in the solution. The wax and tallow 
being first melted, the solution of India-rubber and asphalt is stirred 
in ; then the turpentine, and after that the soiZition of phosphorus is 
added. The solution prepared in this manner^is applied to the surfaces 
of non-metallic substances, such as wood, flowers, &c., by immersion 
or brushing : the article is then immersed in a dilute solution of nitrate 
of silver, or chloride of gold ; in a few minutes the surface is covered 
with a fine film of metal, sufficient to insure a deposit of any required 
thickness on the article being connected with any of the electrical 
apparatuses at present employed for coating articles with metaL The 
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solution intended to be used is prepared by dissolving four ounces of 
silver in nitric acid, and afterwards diluting the same with twelve 
gallons of water ; the gold solution is formed by dissolving one ounce 
of gold in nitro-muriatic acid, and then diluting it with ten gallons of 
water." 

We have frequently repeated the operations described by this patentee 
with entire satisfaction, and were enabled to cover every variety of 
surface with great facility. 

The solutions of silver and gold, prepared as above, will last for a 
long time, and do a great many articles. When it is convenient it is 
best to use both solutions. The connecting wire should first be 
attached to the article to be coated, before being dipped into the 
phosphorus solution, but connected at such parts as will not hurt the 
appearance of the object by leaving a mark when it is taken off. Care 
should be taken not to touch the article with the hands after it is dipped 
into the solution. The object supported by the connections is immersed 
in the phosphorus solution, where it remains for two or three minutes. 
When taken out it is dipped into the silver solution, and as soon as the 
surface becomes black, having the appearance of a piece of black china, 
it is to be dipped several times in distilled water, and then immersed in the 
solution of protochloride of gold about three minutes : the surface takes 
a bronze tinge by the reduction of the gold. It is next washed in 
distilled water by merely dipping, not by throwing water upon it. The 
wire connection is now attached to the zinc terminal of a battery, and 
then the article put into the copper solution, and in a few minutes the 
article is coated over with a deposit of copper. A thin copper surface 
may thus be given to small busts or figures without sensibly distorting 
the features by want of proportion. 

Figures from Elastic Moulds. — ^When taking a wax cast from the 
elastic naould, described in page 69, after taking out the mould it is 
only necessary to make the connections, and pass it through the gold 
and silver solutions, as described, and then to connect it with the 
battery. 

We may also mention that the principal object of making copper 
moulds by this process, in the manufactory, is not to make facsimiles in 
copper, but to make articles of solid silver or gold. Copies of highly 
wrought work, either chased or engraved, or of articles, duplicates of 
which cannot be obtained, or of which the workmanship is costly, may 
by this means be made in solid silver or gold, at little more expense than 
the cost of the metaL Having obtained the copper mould, silver is 
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deposited in it to any thickness, and the copper dissolved off. How- 
eyer, an extensive trade is now being carried on in figures and other 
works of art deposited in copper and then bronzed, which gives them 
an appearance often not much inferior to that of antique works of the 
highest art. There are also some beautiful ornamental works got up by 
mcmufapturers. Small figures and other highly wrought ornaments are 
made by the electrotype process, and then soldered upon a plain vessel 
made of copper or German silver — such, for example, as a biscuit box — 
the whole is then plated, or gilt with gold or silver, producing a rich 
ornamental article of great beauty at a comparative trifling cost. 

Electrotypes from Daguerreotypes. — ^What may be justly termed 
the perfection of electrotyping is the production of electrotypes from 
daguerreotypes. The daguerreotype picture being taken, a small portion 
of the back is cleaned with sandpaper, taking care not to allow anything 
to touch the face ; a little fine solder is placed on this part ; a piece of 
flattened wire, also cleaned, is placed upon the solder, the whole 
^ moistened with dilute muriatic acid, or chloride of zinc« The wire is 
now held over the gas or a lamp, about half an inch from the plate ; the 
heat is transmitted through the wire to the solder, which metis, and the 
wire is soldered to the type ; the back is then protected by wax, and 
the daguerreotype is put into the copper solution in the same manner 
as a medal ; the deposit proceeds rapidly, and when suificiently thick 
the two easily separate, and an impression of the picture is obtained 
from the daguerreotype with an expression softer and flner than the 
original : several electrotypes may, with care, be taken from one picture. 
The electrotype may now be passed through a weak solution of cyanide 
of gold and potassium, in connection with a small battery, and thus a 
beautiful golden tint be given to the picture, which serves to protect it 
from the action of the atmosphere ; but they should also be protected 
by glass, which may be fixed on in the manner pointed out in another 
section. The^ost successful operators that we have known in this and 
several other departments of electrotyping were the late Dr. Thomas 
Paterson, of Glasgow, and Mr. Bawtree, of London. 

Depositing by separate Battery. — ^Having described, so far as we 
know them, the best and most simple means of obtaining moulds, and 
their preparation for receiving the deposit of the metal, we return again 
to the management of solutions and batteries, and the application to 
other metals besides copper. 

Although in our account of the porous or single cell system (page 
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56) ve have recommended it as the best and moat economical for 
electcot^in^ medala and otiier small articlea, still man;' eminent electro- 
metallo^iata prefer naing tlie battery s;3t«m ; and, indeed, tbere are 
aolutiona of copper aod of other metala to which the poroua cell syatem 
cannot be a^iplied, from the nature of the solation and the necaasitj of 
intensity to decompoae them. Beaidea, the separate battery procesa is 
attended with mnch less trouble, as the copper eolution is not liable to 
exhanstion. We have already referred to Mason's improvement, page 21, 
as suggesting the use of a separate battery. At the risk of a little 
repetition, we will again draw the reader's attention to the principles 
of it. 

While depositing upon a mould by the single cell, if the wire which 
connects them be cut in the middle, and a mould be attached to the 
end of the portion remaining upon the zinc plate, and a small plate of 
copper to the end of the wire remaining upon the mould in the copper 
solntion, and let these two be put into a second vessel containing a 
solution of snlphate of copper, the action between the zinc and medal 
in the first pair will go on as before— namely, the electricity passing 
from the mnc throngh the porous cell and the solution to the medal is 
made to pass through the copper solntion, 
which is in the second vessel, between the 
mould and copper plate, where it pro- 
duces the same efEecta a ' 
The sulphuric acid is liberated s 
copper plate and dissolves i 
copper is deposited upon the mould, s 
that the solution in this cell ia main- ^g' ^1- 

tained at one strength : hence there is no necessity for hanging crystals 
of snlphate of copper in this solution. (See Fig. 31.) 

It will be observed, that the electricity having to pass through a 
second solation, is made to perform doable duty, and must consequently 
be much mOre economical. We found the results to be these : — A. 
single cell, with a mould, was placed two inches from the porous cell, 
and of the same aize as the zinc plate, and another, similarly arranged, 
bat connected with a metal mould and copper plate of similar size to 
ihe zinc and copper, was placed one inch apart in the copper solution of 
second cell, when the mould in the single cell had gained 100 grains 
and the zinc plate lost 108 grains. The mould in the battery ceD of the 
other arrangement had only deposdted upon it 30 graios, the zinc plate 
had lost 35 grains ; but the mould in the second or decomposition cell 
had also deposited upon it 80 gr»ns, making in all 60 grains deposited, 



rhere it pro- j 
the first cell, 
rated at the 
i it, and the \ 
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Fig. 32. 



for 35 zinc dissolved, but requiring for this nearly double the time. 
These arrangements, as we have before observed, are simply a single 
pair of Darnell's battery connected with a decomposition cell ; these 

advantages are not applicable 
to any other battery, as in no 
other battery does deposition 
take place within the battery 
cells; ineeed, this method 
of using a compound depo- 
siting apparatus is very 
seldom employed. 

Batteries of a different 
form from Daniell's, and 
used apart from the decom- 
position cell, where the medal is being fonned, are generally adopted. 
Fig. 32 represents a Smee's battery, connected with a medal and copper 

plate in a separate cell ; 

il . and Fig. 33 is a large 

decomposition trough 
for doing several medals 
at one time: of course 
any battery may be at- 
tached to these medals 
and plate by the brass 
connections seen on the 
end of the trough — bear- 
ing in remembrance, 
that the zinc of the 
Fig. 33. batteryis connected with 

the medals, and the copper or platinised silver with the copper in the 
decomposition cell. (See Different Forms of Batteries). 

Size of the Electrodes. — ^When a separate battery is used for the 
purpose of depositing in a decomposition cell, there are several con- 
ditions which are well to be observed, as they influence the amount and 
character of the deposit. The first is the size of the electrodes or 
medals, in relation to size of the zinc in the battery. The results we 
have obtained, in working with an ordinary zinc and copper battery, 
excited by dilute sulphuric acid, the size of the zinc plates immersed in 
the acid being 8 inches square = to 128 square inches, both sides of 
the zinc being utilised, may be expressed in general terms ; thus, when 
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the deposit upon the electrodes of the same size as the zinc plates in 
the hatteiy equalled 100, that upon electrodes one half the size of the 
zinc plates in the battery equalled 57, and upon electrodes double the 
size of the zincs of the battery 190 ; but these conditions are affected by 
the intensity of the arrangement and the nature of the solution in the 
decomposing cell. These experiments were with a common zinc and 
copper battery, of the form given at page 37 — the electrolyte being 
sulphate of copper, in what is called good working condition. 

Relative Power of Batteries. — The following experiments, made 
with electrodes double the size of the zinc plates of the batteries, all at 
equal distances (1 inch apart), will shew the relative power of the 
batteries used. The time in action was one hour each : only one pair 
of plates constituted the battery : size of plates 4x6 inches. 



Grove's battery deposited 

Single cell, . 

Daniell's, 

Smee's, 

WoUas ton's. 



104 grains. 
62 
33 
22 
18 



>i 



»» 



>i 



>> 



Constancy of Batteries. — The first hour of the action of most bat- 
teries differs from that time afterwards, so that one kind of battery 
may be most useful for a short time, and another sort if the action is to 
be continued for a length of time. The following table will illustrate 
this remark, the condition being the same as in last experiment, or the 
last experiments being continued, and the results taken every hour for 
seven successive hours : — 





1 


2 


3 


4 


5 


6 


7 






hour. 


honxs. 


hoon. 


hoon. 


hotin. 


hours. 


hours. 


Total. 


• 

Grove's battery. 


104 


86 


66 


60 


54 


49 


45 


464 gre. 


Single cell. 


62 


57 


54 


46 


39 


29 


24 


311 „ 1 


Darnell's, 


33 


35 


34 


32 


32 


30 


31 


227 „ 


Smee's, . 


22 


16 


14 


11 


12 


11 


10 


96 „ 


WoUafiton's, . 


18 


14 


15 


12 


11 


10 


10 


90 „ 



To make this comparison more practical, larger plates were used for 
the batteries, but all of equal size and proportionately larger electrodes, 
and the batteries kept in operation until one pound of copper was 



so 
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deposited, renewing the acid and brushing the zincs every 24 hours. 
The time taken to effect this was — 



Grove's battery, . 


19^ hours. 


Single cell, .... 


• . 46 „ 


Darnell's, .... 


. < . 49 „ 


Smee's, . ... 


. . 147 „ 


VVollaston's, 


. 151 „ 


• n« 111 _•»• If. 





The DanielPs battery used in this experiment had flat plates, not cir- 
cular, as described at page 41. We may also remind the reader that a 
single cell is a Daniell, but as thus used is more effective, by having less 
resistance. 



Comparative Produce of Batteries. — ^The expense of the materials 
used in these experiments was as follows (of course the materials will 
differ in cost both at different times and in different localities, and more 
-common materials may be used) : — 

By the process with Grove's battery, one pound of deposited copper 

costs — 

s, d, 

1 lb. Copper, from positive electrode, . 10 

1 J lb. Amalgamated zinc, . . . . 10 

IJ lb. Nitric acid, 9 

Sulphuric acid, 1 



2 8 



Add^time, say halfpenny per hour, for comparison, . 9f 

3 6f 
By single cell apparatus, one pound of deposited copper costs — 



1 lb. Sulphuric acid, . 
lyV lb. Amalgamated zinc, . 
4 lbs. Sulphate of copper, . 



Time, at halfpenny per hour, 



s. d. 

2 

Si 

1 6 

2 ^ 

1 lOJ 



4 3 
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By Darnell's battery, one pound of deposited copper costs— 

f. d, 
1^ lb. Amalgamated zinc, .... 
4 lbs. Sulphate of copper, .... 
1 lb. Copper from electrode, 

Sulphuric acid, 






9 


1 


6 


1 








1 


8 


4 


2 


Oi 



Time, at halfpenny per hour, 

5 4^ 
By Smee's battery, one pound of deposited copper costs — 

8, d, 
1^ lb. Amalgamated zinc, . . . . 10 

3 lbs. Sulphuric acid, 6 

1 lb. Copper from electrode, ... 10 

2 4 
Time, at halfpenny per hour, . . . 6 1 J 



8 5J 
By Wollaston's battery, one pound of deposited copper costs — 

s, d. 
1 lb. Copper from electrode, .,.10 
1^ lb. Amalgamated zinc, .... 9 
3 lbs. Sulphuric acid, 6 

2 3 

Time, at halfpenny per hour, . . « 6 3^ 



8 ^ 

By thus adding the time, at a given rate, it serves to illusirate what 
we have before stated respecting the necessity of placing the value of 
time against the cost of materials. In manufactories where time, rent, 
capital, &c., have to be paid for, it may be cheapest to use the battery 
with the most costly materials ; but where time is of no consideration, 
or, as is often the case, if, while the operations are going on, the work- 
men are employed in other necessary labour, a cheaper apparatus will 
answer; but the student or manufacturer will, by the above general 
results, be enabled to choose the process most suitable for his purposes. 
It must be borne in mind that an allowance has to be made on the first, 
second, and third, for wear and tear of porous vessels, not included in 

F 



82 ELECTROTYPE PROCESSES. 

the above estimate. Although the results of these ezperimeiits giTe^ 
exclusive of time, the cost of one pound of electrotyped copper, thus — 

8. d. 

Grove's battery, 2 8 

Single cell, 2 4J 

Darnell's, 3 4 

Smee's, 2 4 

Wollaston's, 2 3 

still we know from long experience in the use of single cell, Smee's, and 
Wollaston's batteries, for manufacturing purposes, that the price of the 
pound of copper deposited may be more correctly stated at 2s. 6d. — 
there being always loss in making the purest article (the copper) from 
impure materials, as the sulphate of copper, or the ordinary copper of 
commerce, which is used as electrodes. Every electrotypist will not fail 
to observe that the copper positive electrode in the depositing cell soon 
gets dark in colour, and covered with a thin film of black slimy matter, 
which causes a certain loss. An analysis of a sample of this matter is 
given by Max, Duke of Leuchtenberg, in the Progress of General Science y 
vol. ii., as follows : — 

Sand, 1-90 

Antimony, 9*22 

Tin, 33-50 

Arsenic, 7*40 

Platinum, 0-44 

Gold, 0-98 

Silver, 4-45 

Lead, 0-15 

Copper, 9-24 

Iron, 0-30 

Nickel, 2-26 

Cobalt, 0-86 

Vanadium, 0*64 

Sulphur, 2-46 

Selenium, 1-27 

Oxygen, 24-82 

An analysis of this sort invests the subject with great interest. We 
wish there had also been given an analysis of the solution in which the 
electrode was placed, as well as the copper that was used as the electrodet 
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and the qtiantity of black matter obtained, and the quantity of copper 
dissolyed to yield that product : for the analysia indicates an amount 
and divetsity of impurities in copper that has never hitherto been 
thought of. However, it is a known fact, that the more impure the 
copper is that is used for a pole, the black matter is not only more 
easily but more abundantly produced. 

Mr. Smee, in his *^ Advice to capitalists who propose entering upon 
the business of electro-metallurgy," gives a table of expenses incurred 
by the use of different batteries. But his rules are based too exclusively 
upon theoretical considerations, and without that regard for practical 
conditions which are so important to the manufacturer. Mr. Smee 
recommends for use what he calls '<an odds-and-ends battery,*' com- 
posed of odd scraps of zinc put into acid, having in the same vessel a 
piece of copper or platinised silver, and a wire placed in contact with 
them which forms the electrode. This battery may be convenient for 
the amateur electrotypist, as it enables him to use up all his waste zinc. 
Baw zinc or spelter, Mr. Smee says, may also be used in this way, 
constituting the cheapest of all batteries for manufacturing purposes. 
The data of his calculations are as follows : — ^The copper sheet forming 
the positive electrode is quoted at Is. per lb. ; wrought zinc, 7d. per lb.; 
raw zinc at a little more than half the price of wrought zinc, which we 
will call 4d. per lb., although he rates it at 5d. Iron is given at from 
Id. to 2d. per lb. The equivalent weight of copper is given at 82, of 
zinc at 32, and of iron at 28 ; that is to say, 32 parts (say ounces) of 
zinc dissolved in the battery will or should deposit 32 ounces of 
copper ; and if iron be used, 28 ounces of iron should deposit 32 ounces 
of copper. Hence, in the plain language of a manufacturer, we should 
say that, with an odds-and-ends battery and raw zinc, there would be 
for every pound of copper deposited — 

s, d. 

16 oz. of zinc used, 4 

16 oz. of copper dissolved, . . . . 10 

1 4 

And when iron is used, the expense of depositing one pound of copper 

would be — 

s, d. 

16 oz. of iron, say 2 

16 oz. of copper, 10 

12 



Si 
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Notwithstanding these results, Mr. Smee proves, by several fractional 

formolse and an algebraic equation, that the cost of depositing a pound 

of copper is — 

8, d. 

By iron, ....... 1 6 

By odds-and-ends battery, . . . . 1 * 

To this it may be replied by the manufacturer, that in the first place, 
raw zinc or spelter used in the way described for an odds-and-ends 
battery would lose two or three times the quantity that is stated for 
every equivalent of copper ; and secondly, that this form of battery is 
altogether unsuitable for manufacturing purposes, even when amalga- 
mated scrap zincs are used ; and as regards the calculation, it is not 
easy to see that, while a pound of copper dissolved from the positive 
electrode originally costs Is., it could notwithstanding be deposited 
by the destruction of 1 lb. of zinc, not including acid, &c., at the 
expense of only Is. It ought always to be remembered, that for 
manufacturing purposes the surface upon which the metal is to be 
deposited in general amounts to several square feet. The article may 
l)e, for example, a large ornamental vase, having 4 square feet of 
jsurface. An odds-and-ends battery, or an iron single pair battery, 
would be too weak. To deposit, with a separate battery, upon a sur- 
face such as that of the vase, it requires two or three pairs of plates 
to give what we may call economical power. 

Recovery of Mercury from Waste Zmc. — ^The general practice of 
manufacturers when the scraps of zinc become small and unsuit- 





Fig. 34. 

able for the battery, is either to treat them, as referred to at page 

29, or to distil the mercury from the zinc. This is done by put- 

* Bmee^B EltmenU of Electro-Mvtamrgy^ 8rd Edition, p. 112. 



COMPOUSD CELL PBOCKSS, 86 

ting the scrape into an iroa retort, subjecting it to a red heat, and allow- 
ing the beak or tabe of Uie retort to dip into water (Fig. Si), A, an iron 
bottle baving a tube, fitted to neck witli a screv, leading to B, a WonlSe'a 
bottle, irhere most of tbe mercury collecta ; c is a tuba leading to if , a 
small vessel filled with water to secure agunat any escape of mercury. 
Tbe bottle A sboold not be more than half Med with zinc scrap. The 
mercury distils orer, and condenses in tbe water. The zinc left in tite 
retort is found to be eo impure as not to be fit to melt and roll again, 
but it may be used in the composition <rf common brass. JDr. Be la 
Rne, in a communication to the Chemical Society,* gives tlie resnlta of 
Beveral analytical experiments upon scrap zinc. Before distillation tbe 
scraps usually pve the foUowing results in 100 parts ; — 

Zinc, 67-3 

Mercury 4-3 

Dross and loss, 28*4 

1000 

The compositdoii of tbe zinc left after distjllation is given as — 

Zinc 90- 

Iron, 2-56 

Lead, 6- 

Copper, 1-44 

100-00 

CoMrouHD Cell Process, — Anotber method of economising power 
was proposed by theorists in what is termed the compound cell syilem, by 
which it was said that the electricity passing tbrongh a series of cells 
would be able to produce the same quantity of work in eyery cell witb 
no more cost. This plan may be illtisfiated thos : — 



Fig. 35. 

tij PrtanUnfi tf Oit Clumteal Soriflir, nil. U-i P»e« W- 
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A is a Smee's battery ; the wire z is conducting the electricity to the 
compottnd trough, which is composed of a series of water-tight cells, 
adj and is connected with a piece of copper, c, forming a positive 
electrode ; in the same cell, and facing this electrode, is a medal, con- 
nected by a copper wire to a piece of copper placed in the second cell, 
opposite which is another medal connected in the same manner with 
another piece of copper, and so on through the series, which terminates 
with a medal attached to the wire of the battery. The electricity from 
the battery passes through all these cells, and reduces its equivalent in 
«ach cell. Thus the solution of 32 grains of zinc in the battery would 
deposit 32 grains of copper multiplied by six times, or as many times 
as there are cells. 

This is correct in principle, and at first sight seems to be exceedingly 
economical ; but it is not so, for every cell adds so much to the resistance 
of the current, that intensity batteries must be used ; so that, supposing 
we have a compound cell of six divisions, in which are placed six separate 
medals, it would require a battery of six pairs of plates to give intensity 
sufficient to overcome the resistance, and the same number of medals could 
be made of the same weight by six separate zincs, and in less than half 
the time they could be made by this compound arrangement, and with a 
less destruction of zinc. For large operations, where the articles receiv- 
ing the deposit and the electrode are necessarily a good way apart, the 
process is altogether impracticable in a commercial point of view. This 
is one of the remarkable instances where theoretical possibility and com- 
mercial economy are at variance. This is an arrangement which may 
be suited to a magneto -electric apparatus, where there is great intensity 
and small quantity ; the intensity may be thus utilised and made to pro- 
duce quantity by this compound cell (see page 63). 

Effects of Resistance. — At page 77 we mentioned, that if a single 
cell deposits 100 grains in a given time, and it be converted into a 
battery having the two electrodes in a solution of sulphate of copper, 
there will only be deposited in the same time 30 grains. This is caused 
by the extra resistance which the solution between the two electrodes 
in the decomposition cell, offers to the passage of the electricity, the 
amount of which corresponds to the amount deposited — ^the latter 
depending upon the former. 

If we take two small plates of copper and amalgamated zinc, and 
place them in dilute sulphuric acid in contact, but not so close as to 
prevent the gas evolved from the copper plate to escape, say ^ inch, and 
allow them to remain until there have been dissolved from the zinc 100 



grams,. and we call this practically the meaaoie of the maiimiim tusonnt 
of electricity which that surface of zinc and copper can give out iu the 
time taken U> disBolve tbe 100 graioB ; Uien, if tiie two met&la in the 
acid be separated one inch and qiurter, being connected by a wire or 
slip of copper above the liquid, and kept in action the same length of 
time as the former, there will be dissolved from the zinc only about 56 
grains. If the wire in connection with the zinc and copper be extended 
and oat in tbe middle, and have a piece of copper attached to each of the 
«nd3 the same size as the zinc plate in acid, and these be placed in another 
Teseel containing a solution of sulphate of copper (as Fig. &), and pot 
an inch apart, and the whole kept in action the same length of time as 
before, it will be found in this case that only 10 grains of zinc aro 
diasolved. From these experiments we see that the resistance of the 
one inch of acid between the zinc and copper in the battery, and the 
one inch of soluMon of sulphate of copper in the second or decomposi- 
tion cell, is 90 per cent, the actual work being only one-tenth of the 
electricity which the zinc and copper are capable of giving. 

ItjTEHsnr. — If we now take another zinc and copper plate of the tame 
size as the former, and arrange them in the acid solution, and connect 
them with the copper plates in the decomposition cell, as shewn in Fig. 
S6, and keep them in action the same length of time as in the former 
experiments, there will be dissolved from the zinc about 19 grains, and 
depoated upon the copper plate attached to the zinc in the decomposi- 
tion cell 18 grains of copper. 

If three rincs and coppers be arranged as described, and placed in the 
acid, there will be dissolved from 
the zinc plate 26 grains, and de- 
posited npon the copper 25 grains. 
If six pairs zinc and copper be 
arranged as above, and placed in 
acid, there will be deposited 36 
grains of copper, which we will 
also take as the measore of what 
is dissolved from tde zinc ; and if 
nine pairs of zinc and copper be ^- nc 

xtsed, there will be deposited 

43 gr^B, and so on until the quantity dissolved from each zinc or 
deposited on the copper plate be 100, equal to that obtained by the 
close contact of the zinc and copper in acid, this will require upwarda 
of tliiity pairs of zinc and copper. It must be borne in mind that the 
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same quantity of zinc wiU be dissolved from every plate in the arrange- 
ment : thus, in nine pairs where 43 grains were deposited, there woiilcl 
be dissolved from every zinc in the battery 43 grains. 

It will now be apparent that the use of several pairs in the battery iff 
to overcome resistance, by which quantity is gained at the same time up 
to a given point ; but quantity gained by this means is expensive. The 
10 grains deposited by the single pair of zinc and copper only required 
10 grains of zinc, but the 43 grains by the nine pairs would require 
43x 9 = 387 grains of zinc to be dissolved. 

Relative iNTENsnr of Batteries. — ^Different batteries have different 
degrees of power to overcome resistance— different intensities. The fol- 
lowing ex{)eriments will illustrate this : — ^A single pair of a Wollaston's, 
Smee's, and Grove's batteries were fitted up as nearly equal in circum- 
stances as the different arrangements would allow — each exposing the 
same surface of zinc, and connected with electrodes placed in a solution 
of sulphate of copper, first 1 inch, then 2 inches, 3 inches, and 4 inches 
apart — half an hour in each. They were then reversed, beginning with 
the electrodes at 4 inches, and coming to 1 inch. These experiments 
were repeated several times, and a mean of the whole taken : the results 
were — 





WoUaston. 


Smee. 


GroTe. 


Electrodes 1 inch deposited, . . 


. 8*8 grains. 


12-0 


31-0 


„ 2 inches „ 


. 6-6 „ 


6-8 


26-0 


„ 3 inches „ 


. 47 „ 


6-0 


17-0 


„ 4 inches „ 


. 3-0 „ 


4-6 


14-0 



From this it will be seen that Wollaston's stands lowest in intensity, 
which is more apparent as the distance of the electrodes is increased. 
Smee's is one-third more than Wollaston's at 1 inch, and one-half more 
at 4 inches ; while Grove's is three and a-half more than Wollaston's, 
and two and a-half more than Smee's at 1 inch, but four and a-half 
more than Wollaston's and three more than Smee's at 4 inches. If we 
take the mean of these results as a comparison of batteries, their value 
will stand as under : — 

One of Grove's equal to three of Smee's, and to three and 
three-fourths of Wollaston's. 

The following table gives the results of the different batterieff/ 
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arranged in series, kept in action the same length of time — ^namely, one 
hoar; the battery plates were small, about 6 square inches exposed to 
acid, the electrodes twice the size of the battery plates : — 





One 
Pair. 


Two 
Pairs. 


Pour 
Pairs. 


Six 
Pairs. 


Nine 
Pairs. 


Grove's, .... 


65 


72 


93 


97 


98 


Daniell^s, .... 


15 


35 


60 


77 


86 


Smee's, .... 


11 


19 


29 


41 


58 


Wollaston's, .... 


8 


15 


24 


33 


48 



This table gives results approaching to and in principle the same as 
the others : it will be observed that one pair of Grove's is equal to nine 
jKurs of either Wollaston's or Smee's. It is also worthy of remark, that 
Grove's increases slowly in quantity above four pairs, the intensity being 
sufficient at four pairs to overcome the resistance offered to the current 
of electricity. For ordinary electrotyping intensity arrangements are 
unnecessary, except where the article upon which the deposit is being 
made is of such a character as wiU not allow the positive electrode to 
be brought close to it, or when there are deep cut objects, or any 
circumstance that increases distance and necessitates power to overcome 
the consequent resistance. 

Mode op Suspending Objects for Coating. — ^In beginning to 
operate in the art of electrotyping, the student often pauses, and asks 
the question, What is the best position in which a medal should be hung 
in the solution? Convenience has brought into general practice the 
suspending of it perpendicularly in the solution, having the positive 
electrode or pole facing it in a parallel direction ; but to this method 
there are some objections. If, for instance, the porous diaphragm, or 
single-cell system be used for obtaining the medals, it is found that 
upon the lower portion of the medal the deposition is much thicker than 
upon the upper portion. Indeed, when even ordinary attention is not 
paid, the lower part becomes not only thicker, but studded over with 
round nodules of copper, or with lines composed of these nodules, while 
the upper part remains thin, and is covered over with what is termed the 
sandy deposited copper, in dark brown grains, capable of being rubbed 
off with the slightest friction. No doubt this is in a great measure 
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prevented by agitating the solution ; but it is inconvenient, and requires 
•constant attention. To avoid this it was proposed to place the plates in 

a horizontal position as Fig 37 ; but this method 
v^<^ has never been much practised, probably, in the 

iiFP ^* place, from its great inconvenience, it not 

being easy to fix the two electrodes, as shewn in 
the figure, by suspension, as the zinc plate ought 
not to touch the bottom of the cell ; true it might 
be made to rest upon small pieces of stoneware 
Fig. 37. or other non-conducting materials, which was 

generally done; but this was found obstructive. In the second 
place, any sediment in the copper solution settled upon the medal, 
and caused a roughness which was not liked; besides, porous cells, 
to suit this arrangement, were not easily obtained. Any cylindrical 
tube, such as a jelly-pot without a bottom, could be converted into a 
porous cell of this sort by tying a piece of bladder round one end ; 
but this did npt avoid the other difficulties referred to, and such 
diaphragms soon gave way, and, so far as we are aware, this arrange- 
ment was never in use for manufacturing purposes. 

When a separate battery is used, and the deposition of the medal is 
effected in a separate vessel, by having a copper positive electrode, the 
same inconvenience of irregularity in thickness of top and bottom parts 
takes place to a greater or less extent, according to the distance at 
which the two poles are placed. These inconveniences are known to all 
•electro typists, and the cause is rightly ascribed to the different densities 
of the solution. The reason, why the solution becomes of different 
densities is easily understood in the single-cell process, there being no 
copper pole to maintain the strength of the solution; as it becomes 
exhausted of copper by the deposition, the lighter portion floats on the 
top, and the heavier portion remains below ; and although crystals of 
sulphate of copper be suspended in the solution, as^ey dissolve the salt 
sinks by its gravity to the lower portion of the solution, and consequently 
we have a much more powerful deposit. But why the same should 
take place with a separate battery, where there is a positive electrode 
of copper being dissolved, just in proportion to the copper extracted 
from the solution by the medals, was for a long time not known. 

Non-transfer of Elements. — ^And we claim for ourselves the credit 
of being among the first, if not actually the first, to find out the cause of 
this — at least, it was original on our part, at the same time the explana- 
tion is not yet acknowledged by theorists. We here give the outlines 
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of the first announcement of the discovery. Early in 1844 while em- 
ployed in mannfactaring electro-metallurgy, then in its infancy, the 
premises in which the operations were being conducted were daily 
-visited both by the curious and the scientific of London. One day two 
gentlemen came in whom we soon perceived by their remarks were men 
of science. While looking into the plating solution which was filled 
with articles being covered with silver, one made the remark to the 
other, ''How silently two distinct currents are passing in that solution, 
the silver in the one direction, the solvent in the other, yet nothing is 
visible to indicate that such is the case.*' '^That, sir," we remarked, ^^is 
theory, but we find it is not so in practice— the solvent travels but not 
the metal ;" at which remark he turned to his friend, saying loud enough 
for us to hear, '^ What notions workmen take.'' However, the other 
gentleman said, ''If you have discovered what you say, it is worth lay- 
ing before the Royal Society." Thia doubt and encouragement sent us 
back to a careful repetition of our experiments that had been going on 
for months, in order to lay the results before the Chemical Society. In 
the interim we mentioned the matter to the late Mr. Kobert Murray, 
who told us that Professor Daniell and Miller had read a paper before 
the Eoyal Society upon a similar subject. Hearing this and before the 
contents of Professor Daniell and Miller's paper were known to us, we 
hurriedly drew up the results of our experiments and observations, 
which were read at a meeting of the Chemical Society on the 6th of 
May 1844, in hopes that if the discovery made by Professor Daniell and 
Miller was the same as ours, we should at least get credit for being 
original; but as the phenomenon discovered has never yet been acknow- 
ledged by other scientists there has been very little credit given to either 
party. We will reserve the further consideration of this non-transfer of 
the metallic element until we come to consider the theory of electrolysis 
based upon the facts of experience and observation, contenting our- 
selves in the meantime in saying, that so far as our observations have 
been made no metal is transferred, in any quantity, by the electric 
current, nor any element taking the position of the metal in an electro- 
lyte, but that the acid element is always transferred equivalent to the 
electricity passing. It has been shewn that during the deposition of a 
metal, say copper, in electrotyping, the acid, when exhausted of the 
oopper at the surface of the medal, is transferred to the positive pole, 
and dissolves from it its equivalent of copper; but this is not transferred 
by the electric current to the medal, but descends by its gravity to the 
bottom ; hence it will be observed, that the solution next the medal will 
thus become exhausted of copper, and will consequently rise to the sur- 
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face from its greater lightness. There is no doubt a flow of stronger 
solution in a horizontal direction at the bottom, from the positive pole 
to the medal, and a flow on the top from the medal to the pole, caused 
by the lighter portion ascending ; but this does not mend the evil : the 
light portion is increasing on the surface, and the heavier at the bottom, 
so that the whole solution soon becomes of different densities ; and this 
constant current of the solution flowing up the surface upon which the 
deposition is taking place, causes the lines that are observed in deposits, 

and which are sometimes very annoying. If a 
small hollow be in the mould, or even if a small 
portion of a plane surface resist the upward 
current of the solution, the metal will accumu- 
late round the edge of the resisting portion, 
giving the deposit the appearance of having been 
made in a flowing stream, like a stone standing 
up in a current of water (Fig. 38). The black 
point in the centre represents the resisting spot, 
^^' around which the deposit will thicken,.causing a 

ridge of metal to radiate to a point immediately above the resisting por- 
tion. These circumstances are much more annoying in solutions of gold 
and silver than in sulphate of copper, as will be noticed when we come 
to treat of plating and gilding. A point of grease or dirt, or small hole 
not cleaned out, hardly visible to the naked eye, will give a very 
prominent effect upon the plane polished surface of a piece of metaL 

From these observations, the reader will now be able to answer the 
question — ^What is the best position to place a medal in the solution? 
To make it still more apparent — ^take a glass jar filled with a solution of 
sulphate of copper ; place a piece of copper upon the bottom of the jar, 
and suspend the medal at the top, having their two faces parallel; 
connect them with a battery ; in a short time the solution round the 
medal becomes exhausted, and even colourless, the medal covered witih 
a dirty brown powder, and no further deposit will take place. But 
reverse the case : place the medal at. the bottom, and the copper positive 
electrode at the top; the deposition I goes on constant and smooth; 
the solution is maintained in the same condition as it was at the first, 
there being a constant transfer ; the acid is transferred by the current 
from the medal at bottom to the copper pole at top: the sulphate of 
copper formed descends by its gravity to the medaL There are, no 
doubt, as already stated, objections to placing the medal under the 
positive electrode, such as the impurities in the copper getting dis- 
integrated, and falling upon the surface ; but a piece of cloth wrapped . 
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round the pole prevents this. However, when a fine surface is wanted, 
care ought always to be taken to have clean solutions filtered and kept 
covered from dust; and when the single cell is used, the crystals of 
sulphate of copper should be suspended in a fine linen bag, or the shelf 
holding them be lined with linen. Although, as already stated, this is 
the best method in principle, very few practise it, because of the trouble 
attending the arrangement of the electrodes in this position. When tbo 
medals are small the annoyances from perpendicular suspension by un- 
equal density are not great ; but if the surface of the article which is 
being deposited be large — say eight inches or upwards — the difference 
in the thickness of the lower and upper portion of the medal, if care 
be not taken, is very great. When suspended perpendicularly, the posi- 
tion of the article should be shifted several times, making the upper 
portion the lower, besides occasionally stirring the solution, or shaking 
thovarticle. Indeed, when convenient, the article receiving the deposit 
should be kept as much in motion as possible, as it regulates the deposit, 
making it smoother and less brittle. 

Crystals of Copper on Electrodes. — It will be found, from the 
reasons stated above, that the sulphate of copper solution becomes 
60 saturated round the positive electrode by the transferred acid, that 
the electrode often gets coated over with crystals of sulphate of copper, 
which adhere with great tenacity, and stops the electric action. Under 
such circumstances, it is only necessary to clean the electrode from 
the crystals and to add a little water to the solution, which will pre- 
vent a recurrence of the crystals for a time. But the stirring of the 
solution occasionally will do much to prevent this crystallisation. 
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We have already mentioned that when a medal has been made from a 
metallic mould, protected by a little wax difisolved in turpentine, it 
retains its bright copper lustre for a long time, even when exposed to 
the air; but generally the copper medals and other objects are very 
liable to tarnish, for which reason it is usual to give them a coating of 
bronze, that they may acquire a permanently agreeable appearance. 

Brown Bronzes. — ^Bronzing is effected by several very simple methods, 
the most common of which is the following: — 

Take a wine-glass of water, and add to it four or five drops of nitric 
acid; with, this solution wet the medal (which ought to be previously 
well cleaned from oil or grease), and then allow it to dry ; when dry 
impart to it a gradual and equable heat, by which the surface will be 
darkened in proportion to the heat applied. 

Another Method. — ^Make a thin paste of crocus and waiter: lay this 
paste on the face of the medal, which must then be put into an oven, or 
laid on an iron plate over a slow fire; when the paste is perfectly 
reduced to powder, brush it off and lay on another coating; at the same 
time quicken the fire, taking care that the additional heat is uniform ; as 
soon as the second application of paste is thoroughly dried, brush it off. 
The medal being now effectually secured from grease, which often 
occasions failures in bronzing, coat it a third time^ but add to the 
strength of the fire, and sustain the heat for a considerable time : a little 
experience will soon enable the amateur to decide when the medal may 
be withdrawn"; the third coating being removed, the surface will present 
a beautiful brown bronze. If the bronze is deemed too light, the process 
can be repeated. 

Another very simple method is this: After the medal is well cleaned 
from wax or grease, by washing it in a little caustic alkali, brush some 
blacklead over the face of it, and then heat it in the same way as de- 
scribed for crocus ; or a thin paste of blacklead may be used, and the 
processes already referred to be repeated until the desired brown tint is 
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ol)tamed. In this kind of bronze a little Hematitic iron ore, which ha& 
an nnctaooB feel, may be brushed oyer the face of the bronze, by which 
a beautiful lustre is imparted to it, and a considerable variety in the 
shade may be obtained. In the brown bronzes the copper is slightly 
oxidised on the surface. 

Black and other Bronzes. — ^A yery dark-coloured bronze may be 
obtained by using a little alkaline sulphide (sulphide of ammonia is 
best). The face of the medal is washed over with the solution, which 
should be dilute, and the medal is dried at a gentle heat. It should 
afterwards be polished by a hard hair brush. Hydrogen sulphide 
gas is sometimes employed to give this black bronze ; but the effect 
of it is not so good, and the gas is very deleterious when breathed. 
In these bronzes the surface of the copper is converted into a sulphide* 
Dipping into a weak and hot solution of cyanide of potassium, and 
exposing to the air will give a dark bronze according to the time 
exposed ; wash out and dry. 

Many metallic solutions, such as weak acid solutions of platinum, 
gold, palladium, antimony, &c., will impart a dark colour to the surface 
of medals when they are dipped into them. The medal after being 
dipped into the metallic solution is to be well washed and brushed. In 
such bronzes the metals contained in the solution are precipitated upon 
the face of the copper medal, which effect is accompanied by a partial 
solution of the copper. 

Green Bronzes. — Green bronzes require a little more time than those 
already described. They depend upon the formation of an acetate, 
carbonate, or other green salt of copper upon the surface of the medal. 
Steeping for some days in a strong solution of common salt will give a 
partial bronzing which is very beautiful, and if washed in water, and 
allowed to dry slowly, is very permanent. Salammoniac may be sub- 
stituted for common salt. Even a strong solution of sugar alone or 
with a little acetic or oxalic acid, will produce a green bronze ; so also* 
will exposure to the fumes of dilute acetic acid, to weak fumes of 
hydrochloric acid, and to several other vapours. A dilute solution of 
ammonia allowed to dry upon the copper surface will leave a green tint^ 
but not very permanent. 

Electrotypes may also be bronzed green, having the appearance of 
ancient bronze, by a very simple process : Take a small portion of bleach- 
ing powder, place it in the bottom of a dry vessel and suspend the 
medal over it, and cover the vessel: in a short time the medal will take 
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on a green coating, the depth of which may be regulated by the quantity 
of bleaching powder used, or the time that the medal is suspended in 
its fumes; of course any sort of vessel, or any means by which the 
electrotype may be exposed to the fumes of the powder, will answer the 
purpose : a few grains of the powder is all that is required. According 
as the medal is clean or tarnished, dry or wet, when suspended, differ- 
ent tints with different degrees of adhesion will be obtained. 

The green bronzes are generally applied to figures and busts. 

These directions and hints will enable the student to vary his bronzes. 
Practice will give him perfection, and enable him to fix upon that 
which best pleases his taste. Scarcely two electrotypists agree upon 
the same method of bronzing, but differ in some little details of practice 
or on some point of taste. Each prefers the plan that has given to him 
his best results, and which he can hardly impart by description to an- 
other. A thin varnish washed over the surface keeps the colour from 
changing, but most people prefer to allow them to darken by exposure 
to the atmosphere. 

Should the electrotypist wish to coat the copper medal with another 
metal, as silver and gold, directions will be given under plating and 
gilding how to proceed to effect his purpose. 



MISOELLANEOtrS APPLICATIONS OP THE PROCESS 

OF COATING WITH COPPER. 



Besides the applications and processes which we have described under 
the general term of eleotrotyping, there are yarious applications of the 
process for depositing metals upon other substances, which have been, 
imd may be still more usefully applied. We may, at a trifling cost, 
impart a coating of copper to cornices for decorating buildings, to terra 
«otta, to engraTings on wood, &c. Cloth may also be easily covered, 
^md made to assume the appearance of a sheet of copper, having the 
lightness and pliability of cloth. Lace has been covered with copper, 
and used for battery plates, and has also been gilt and made into 
beautiful ornaments. Table covers with metallic ornaments richly gilt, 
and book covers, have all been tried with more or less success, although 
they have not yet been profitably produced. 

COPPEBED Cloth. — Cloth covered with copper was prepared a few 
years ago in considerable quantity, and an attempt was made to intro- 
duce it as a covering for roofs, railway waggons, &c., where there was 
any danger of fire from sparks from chimneys and locomotives. And 
«o far as its being a protection against fire from such causes it was 
experimentally proved successful. Cloth covered with copper, to the 
thickness of tissue-paper, and well washed and dried out of a weak 
«olution of sulphate of ammonia, and put upon a roof, and a quantity of 
amaU pieces of red-hot charcoal thrown over it, did not even char the 
cloth under the glowing charcoal. The copper seemingly conducted the 
lieat so rapidly over its surface that no burning took place ; but the 
price required for cloth so covered compared with that of the ordinary 
materials used for covering waggons, &c., prevented its adoption; also 
vhen the covering had to be often removed and cast about, as those used 
for waggons generally are, the copper hardened and cracked. There 
were also other difficulties, such as the kind of cloth. Linen and cotton 
did well, but they required a good coating of copper to make them 
water-tight, which increased the cost. The best material, so far as the 

G 
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coating of it was concerned, was a cotton felted with india-rubber sola- 
tion. We bave covered pieces of such cloth twelve yards" long by one 
yard wide with 6 lbs. of copper ; however, after a few months exposure 
upon a roof, or lying past, the india-rubber upon the cloth decomposed, 
and rendered the covering too weak. Nevertheless, what have been 
difficulties to one party may be overcome by others; and we have still 
hope that when these practical and conmiercial difficulties are overcome^ 
the application of electro-covered cloth will be of great use for many 
purposes, both at home and abroad. The operations of coating cloth 
with copper were the same as described for the wax medals : the cloth 
was brushed over with a polish of blacklead, and then stretched upon a 
frame of wood having a copper band round it, in which were placed small 
hooks or pins, and the cloth was attached to these. A vat, four feet deep 
and twelve yards long, was made of brick and cement; this was divided 
lengthwise by a wooden frame, with panes the same as a window, which 
were filled in with unglazed earthenware plates, cemented by marine 
glue, and the whole made water-tight. Into one division of the vat 
were placed the dilute acid and sheets of amalgamated zinc ; in the 
other the solution of copper, in which was placed the cloth upon the 
frame. The arrangement was so perfect that we have often seen pieces 
of cloth, twelve yards long by one yard wide, completely covered with 
copper in one hour, not having more than 4 ounces on the square yard. 

A similar thickness is quite sufficient for other surfaces, such as wood- 
work, cornices, &c., to stand mere exposure to the atmosphere, and may 
be produced at the same rate, about 2s. 6d. per pound of copper. 

Besides these applications, many others have been suggested and tried 
with variable success. Some have probably been abandoned too soon, 
others have had both capital and talent applied, and success is yet to 
come. We shall only name a few of these applications. 

Calico Printers' Rollers. — So early as 1841 various means were 
tried to apply the electro -deposition of copper to the preparation of 
rollers for printing calicoes, both by depositing the copper upon wax or 
other moulds, to make an entire roller of copper, or to deposit a surface 
of copper on other metals, such as iron or brass; but none of them have 
yet conmiercially succeeded. To make an entire roller is much more ex- 
pensive, without an equivalent advantage over the ordinary method of 
casting, rolling, and boring. To deposit a layer of copper on iron is 
attended with many practical difficulties, both in protecting the iron from 
the acid solution for so long a time as is required to deposit the proper 
thickness, and in securing the adhesion of the two metals during tke 
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subsequent operations. It requires a deposit of about five-sixteenths of 
an inch in thickness to allow for turning before engraving. There is 
then the annealing to soften the copper, &C.9 which interferes with the 
adhesion of the two metals, probably from their different rates of expan- 
sion and other causes. Similar objections may be made to the coatiag 
of brass rollers with copper. 

That the idea is not yet abandoned by the electro-metallurgists upon 
the Continent is manifest by the following, which we copy from the 
Chemical News, November, 1874 : — " Many attempts have been made in 
this direction by Lockett, L. Huguenin, and Schlumberger. One of the 
defects of the copper-covered rollers was that they were capable of losing 
their true form, an accident easily remedied upon a cylinder of copper, 
but not upon those of coppered iron. Schlumberger cleanses the iron 
cylinder with a concentrated alkaline lye, washes well in water, and goes 
over the whole surface with the file. The surface is then very bright, 
and is not to be touched with the fingers or soiled with the breath. It 
is then plunged in an alkaline bath composed of one part sulphate of 
copper, dissolved in twelve parts water, to which is added three parts 
cyanide of potassium, four parts carbonate of soda, two parts sulphate of 
soda, dissolved in sixteen parts water. Or ammonia three parts, acetate of 
copper two parts, dissolved in ten parts of water, to which is added three 
parts cyanide of potassium, four parts carbonate of soda, two parts sulphate 
of soda in ten parts water. The cylinder is allowed to remain twenty-four 
hours in one of these baths, subject to the action of a battery of four or 
six pairs, till the surface is coated with a slender but adherent layer of 
copper. It is washed and cleaned with pumice stone. If in this oper- 
ation the iron should be laid bare in any part, the cylinder must be 
anew submitted to the alkaline bath. As soon as the coating of copper 
is uniform it is washed in acidulated water and immersed in an acid 
bath of sulphate of copper. This bath is composed of a solution of 
sulphate of copper at 20° B. (30'' Twad.), to which l-300th of its volume 
of sulphuric acid is added to facilitate the solution of some metallic 
copper, which is also immersed in the bath for the purpose of maintaining 
the solution in a uniform state of concentration. Here the cylinder is 
left till the layer of copper has attained the desired thickness, a galvanic 
current being kept up by a battery of four pairs. If the temperature is 
between 15? and 18^ C. (59® and 642 Fah.), three or four weeks are 
required to produce a deposit of three quarters of a millimetre (fully 
one-fourth inch) in thickness. The cylinder is turned one-fourth round 
daily, to change the portion of it which faces the sheet of copper used 
as a positive electrode." 
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We quote this from the work named to illustrate what may be often 
observed, that practical matters tried here and abandoned are often 
brought up by philosophers in other countries as new things. The de- 
scription of the process here given is certain to produce one of the 
defects we have stated — ^want of adhesion of the two coatings of copper. 
To lift the roller from the cyanide solution of copper, and put it into 
acidulated water by way of washing, will cause a film of cyanide of 
copper to be formed over the surface, which prevents perfect adhesion 
of the next deposit. It is better to wash the roller out of the cyanide 
solution by swilling it in a warm solution of carbonate of soda, and then 
in water, and put from this into the solution of sulphate of copper. 
This should be done qidckly to avoid any tarnish, and if two or three 
batteries of one pair, each zinc plate being 12 by 14 inches square, be 
attached to different parts of the roller, one-fourth of an inch thick of 
copper may be deposited in one week. The putting into the solution 
pieces of copper to keep up its concentration where there are copper 
electrodes is certainly new. With free sulphuric acid in a sulphate of 
copper solution, if the electrodes are larger than the roUer, the solution 
will become more concentrated without pieces of copper being put into 
it ; and if these are not connected with the electrodes their influence 
is niL However, apart from the nuinner of depositing, let us consider 
the practical and commercial advantages or disadvantages of such 
rollers. One disadvantage experienced is, the copper deposited by even 
a four-pair battery is much softer than the ordinary copper roller, so 
that the pattern is sooner worn out, and has to be oftener deepened. 

@A printing roller is a hollow cylinder of copper, in section like 
Fig. 89, havilig a diameter of say 5^ inches, the thickness of the 
copper being about an inch, and the roller about 86 or 40 inches 
^g? 39« long. Now, suppose we take a cast-iron roller of similar dimen- 
sions, say 86 inches in length, and deposit upon it, by the process 
described in the extract, the ^ of an inch of copper, allowing ^^ to be 
taken off by a lath, to prepare and smooth it for the engraving. . The 
cost of this will be, taking the whole at the lowest estimation-** 

£ s, d. 
Iron roller, weighing say 1 cwt., perpared for deposit, . 10 6 

^ of an inch copper, weighing 88 lbs., at Is., . . .1 18 

Zinc dissolved in a four-pair battery, 40 lbs. from each) 4104 

plate, 4X40=sl60 lbs. amalgamated, say 7d. per lb., ) 

800 lbs. of acid for battery, at ^d., 12 6 

Labour, cleaning, attendance, &c., say . . . . 10 

8 4 4: 
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The copper when ready for engraving will weigh 30 lbs., and will cost 
56. l^d, per lb. When a pattern is done with it is removed by the taming 
lath and another pattern put on ; each pattern removed takes away from 
4^ lbs. to 5 lbs. of copper ; then the utmost number of suoh removals 
and renewals of pattern cannot exceed five, not including first pattern, so 
that each pattern will cost £1, 7s. 4^d. Of course, after the copper is 
too thin to have a pattern renewed, more copper can be deposited upon 
this, and the iron base do for many times over ; still, ^ inch of copper 
deposited by the process referred to will cost £7, 148. 4d., or £1, 5s. 8|d. 
per pattern. 

The ordinary copper roller of the same dimensions — 36 by 5 inches, 
and 1 inch thick — ^weighs on an average 125 lbs., costing Is. Id. per 
lb.B£6, 15s. 5d. This copper roller will stand fourteen removals and 
renewals of pattern — ^that is, fifteen patterns will be printed off this one 
roller; when too thin for further removals, about | of an inch thick 
still remains and will weigh 60 lbs., worth 10^. per lb. ^^ £2, 12s. 6d., 
which, being deducted from the original cost, leaves £4, 2s; lid. as the 
cost of fifteen patterns — 5s. 6^d. each pattern — against £1, 7s. 4^d. by 
the electro process, or if roller is renewed, £1, 58. 8f d. 

ErcmNG OF Eollebs. — ^Another application of the process to printers' 
rollers was to plate the surface of the roller with a thin coating of silver 
for the purpose of etching. The engraving is then made through the 
silver coating ; the roUer is next passed through weak nitric acid, which 
acts upon the exposed copper, the silver taking the place of varnish in 
ordinary etching; but practical difficulties have caused the abandon- 
ment of this application. One of these is, that there is a galvanic action 
between the silver and copper that causes the copper to be acted upon 
by the acid under the edges of the silver coating, 

Glyphography. — ^A process which Mr. Palmer, the inventor, named 
Glyphography, has been very successful. The principle of the invention 
consists in depositing copper in the grooves or engraviogs made in a 
layer of some soft substance spread on a sheet of copper, and covering 
the whole with a sheet of electrotype copper. The counterpart of the 
engraving thus produced is us^d for printing from in the same manner 
as letterpress printers^ types or woodcuts. It may therefore be called a 
mode of stereotyping, with this difference, that it is made directly from 
the drawing by the artist. The drawing, however, must be made in a 
particular way, which, with the other necessary manipulations, is thus 
given by Mr. Palmer : — 
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** A piece of ordliuuy copper plate, such as is used for engraying, is 
Mbned black on one side, over which is ipread a veiy thin layer of tckUe 
opaque composition, resembling white wax both in its nature and 
Appearance; this done, the plate is ready for nse. 

^^ In order to draw properly on tiiese plates, yaiions sorts of points are 
used (according to the directions here given), which remove, wherever 
they are passed, a portion of the white composition, whereby the 
blackened surface of the plate is exposed, forming a striking contrast with 
the surrounding white ground, so that the artist sees his effect at once. 

<^The drawing, being thus completed, is put into the hands of one 
who inspects it very carefully and minutely, to see that no part of the 
work has been damaged or filled in with dirt or dust; from thence it 
passes into a third person^s hands, by whom it is brought in contact 
with a substance haying a chemical attraction or affinity for the remain- 
ing portions of the composition thereon, whereby they are heighted 
ad libitum. Thus, by a careful manipulation, the lights of the drawing 
become thickened all over the plate equally, and the main difficulty is 
at once overcome: a little more, however, remains to be done. The 
depth of these non-printing parts of the block must be in some degree 
proportionate to their width; consequently, the larger breadths of 
lights require to be thickened on the plate to a much greater extent, in 
order to produce this depth. This part of the process is purely 
mechanical, and easily accomplished. 

*^Itis indispensably necessary that the printing surfaces of a block 
prepared for the press should project in such relief from the block itself 
as shall prevent the probability of the inking-roUer touching the 
interstices of the same whilst passing over them; this is accomplished 
in wood engraving by cutting out these intervening parts, which form 
the lights of the print, to a sufficient depth ; but in glyphography the 
depth of these parts is formed by the remaining portions of the white 
composition on the plate, analogous to the thickness or height of which 
must be the depth on the block, seeing that the latter is, in fact (to 
simplify the matter), a cast or reverse of the former. But if this com- 
position were spread on the plate as thickly as required for this purpose, 
it would be impossible for the artist to put either close, fine, or free 
work thereon ; consequently the thinnest possible coating is put on the 
plate previously to the drawing being made, and the required thickness 
obtained ultimately as described. 

**The plate thus prepared is again carefully inspected through a 
powerful lens, and closely scrutinised, to see that it is ready for the 
next stage of the process, which is to place it in a trough and submit it 
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to the action of a galyanic battery, by means of which copper is 
deposited into the indentations thereof, and, continuing to fill them up, 
it gradually spreads itself all over the surface of the composition until a 
safficiently thick plate of copper is obtained, which on being separated 
will be found to be a perfect cast of the drawing which formed the 
cUchee, 

'* Lastly, the metallic plate thus produced is soldered to another piece 
of metal to strengthen it, and then mounted on a piece of wood to bring 
it to the height of the printer's type. This completes the process, and 
the glyphographic block is now ready for the press. 

" It should, however, have been stated previously, that if any parts of 
the block require to be lowered^ it is done with the greatest facility in 
the process of mounting." 

This process has, however, not come into much use as a substitute 
for wood engraving, in consequence of the impossibility of finding a 
suitable varnish for the use of the artist or engraver. It has, in fact, 
given way to another process, also embraced in Mr. Palmer's patent, 
which is worked thus : — ^A copper plate is etched by the process com- 
monly employed by engravers, the lines being cut into the copper with 
a bold stroke. The lines are then bitten deeper by nitric acid. The 
etching is made direct^ not reversed^ as it is upon a plate that is to be 
worked at the copperplate press. When the engraving is ready, the 
etching varnish through which the drawing is cut is covered with a con- 
ducting substance, and an electrotype plate is deposited upon the 
etching. When this is removed from the mould, it requires to be 
trimmed, for it is impossible to etch a plate, or to bite the etching, so 
that all the lines shall be exactly of the same depth. To remedy this, 
the face of the electrotype is levelled by grinding and burnishing. The 
foUowing instructions for artists are published by the patentee :— 

Instructions on Glyphography for the Amateur. — " The amateur 
must remember that he is producing a work of art for the surface 
press, and not for copperplate printing. 

** The drawing or etching should not be made with lines of equal 
thickness in all the tints. If it is so treated with a thick line, and if 
the cross hatching be kept of the same strength as the principal line, 
it will appear like a coarse pen-and-ink drawing. If it is treated in 
the above manner with ?k fine line, and the work laid very close, it 
will have the appearance of one of the old etchings. The amateur, 
therefore, will do well to remark, that it is only by a judicious mix- 
ture of bold and delicate work that beauty of style can be obtained; 
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and as the darkest shades are generally foremost, and become gradu- 
ally lighter to the distance, so that the darkest or nearest tones should 
generally be formed by the boldest work, and gradually increase in 
delicacy to the offscape. 

^< Etching is a process nearly resembling drawing with a very fine 
pen or pencil, and should be proceeded with as follows : — 

*' Having obtained a polished copper-plate with an etching ground 
properly laid, proceed to put your design upon the plate. 

^* If it is a print or miniature that is being copied, you must make 
a sketch or tracing of the same with a blacklead pencil: it must 
then be traced on to the plate, remembering always that the proof 
from the block will be in the same position as the etching; and that 
nothing must be etched or written backwards, as for the ordinary 
copperplate printing. 

<*In order to trace the object on to the plate, take a piece of 
transfer paper,* place it face downwards upon the plate, secure tho 
comers with a piece of wall wax or paste, or hold it steadily down, 
if th^re is not much to trace ; then place on your sketch or tracing, 
go over the outline with your etching-needle or a very hard black- 
lead pencil, removing a comer at a time to see that all ia correctly^ 
transferred and nothing omitted, or that the outline be not too 
heavy and thick, in which case you must trace lighter. 

<< Having thus got your subject, as it were, sketched upon the 
plate, proceed in aU respects with your etching needle as if making 
a drawing with a blacklead pencil, only working more firmly, taking 
care always slightly to cut the copper. 

^^Be careful not to try to form the dark touches and the hlach 
parts of the subject with a number of lines crossing and recrossing 
each other, but scrape them away entirely with the point of your 
penknife, or any other convenient instrument. 

'^ In commencing the etching of a view, it is usual to begin with 
the offscape, etching the same as neatly and as close as the nature of 
the printing will adndty working more firmly and boldly in every 
progressive tone, until you reach the foreground. In portraits it 
is usual to commence with the eye; and in draperies at the top, 
working downwards. 

'^ Owing to the great difference between surface and copperplate 
printing, depth of tone should be sought as much from the breadth 

* To prepare the transfer paper, take some thin post or tisane paper, nb the Bnrface 
well with blacklead, -vermilion, red chalk, or any colouring matter : wipe this preporatioii 
well off with a piece of clean rag, and it will he ready for use. 
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or thickness of the lines as from laying them close together; and, 
on the contrary, lightness of tint must be obtaiaed by the distance 
of the lines from each other, as well as from their delicacy. 

*^If you make a falise line, or wish to efiPace any portion of the 
work, a little Brunswick black (which can be procured at most oU 
and colour shops), spread thinly, may be used to stop it out; or rub 
a Mttle of the superfluous ground from the side of the plate with a 
camel-hair pencil and turpentine : when this is dry the work can b& 
re-etched and finished at pleasure." 

This last process has afforded some excellent work in the shape 
of maps, among which we maOT cite the Penny Atlas^ published by 
Messrs. Chapman and Hall. Among subjects of a more picturesque 
nature executed by glyphography, we may instance Mr. George 
Cruikshank's etchings of The Bottle, These are sufficient to shew 
that the art of electrotyping engravings promises to be hereafter of 
importance in the fine arts. 

Copying of Copper and Steel Plate Engravings. — ^The electro- 
metallurgical process for taking copies of engravings was first suc- 
cessfully applied to manufacturing purposes by Dr. Warren de la- 
Bue in his extensive manufacture of cards, &c.; but the process wa& 
soon afterwards taken up by others and extended. Engravings of 
all sizes and every degree of excellence have been copied by the 
electrotype process. The process may be performed exactly in the 
same manner as described for copying a penny-piece, page 56, by 
making an electrotype mould on which, of course, the engraving 
appears in relief — ^from this mould any number of electrotype copies 
may be taken; or they may be copied as described under moulding 
by gutta percha, by placing the engraved plate in a press and laying 
upon it a sheet of gutta percha, heated to 212^, putting upon this a 
flat piece of metal, and then subject the whole to a heavy pressure 
for a few hours, then blackleading the gutta percha mould and taking 
from it a copy by the battery. The defect of such copies, however, 
was the softness of the copper — the engraving soon became blunt or 
worn. However, this defect has been overcome by depositing upon 
the surface of the electrotyped engraving a film of iron, as described 
in page 107, which imparts to it all the advantages of a steel plate; 
indeed, an ordinary copper engraved plate need not be copied, but 
coated with iron in the manner to be described. 

Steel-plate engravings are still preferred for very fine work; and 
for a long time there was great difficulty in taking a good electrotype 
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from a steel plate. A mere pressure mould is liable to defects: and 
putting the steel plate in a sulphate of copper solution to copy by the 
battery, is soon destroyed by the acid; tp prevent this, alkaline solutions 
of copper were used to cover the steel plate, to protect it from the action 
of the acid when put into the sulphate solution as referred to, page 98, 
but the two coppers did not always adhere. However, the following 
process may be adopted with success : — Solder a strip of copper on 
the back of the steel plate, then coat over the back and copper strip 
with copal varnish, and allow it to dry; wash the face of the engraving 
with a weak alkaline solution, and then connect it by the copper slip 
to the zinc of a battery, and put it into. a solution of cyanide of silver 
(see Plating), when there is deposited a coating of silver ; allow this 
to proceed until it is about the thickness of a visiting card. This 
silver is easily removed^ from the steel plate, and forms a perfect 
mould of the engraving, and the engraving is cleaned and laid aside. 
This silver mould is prepared in the same way as for taking fine 
electrotypes (page 76) ; and copper deposited upon it to a proper 
thickness, when separated from the silver mould, will form a fa<i 
dmile of the steel engraving; two or more copies may be made if 
necessary. A film of iron is now deposited upon the surface of 
the copper plate, which imparts to it the useful properties of the 
steel plate, and which, as already stated, may be renewed from time 
to time as required. 

There is another sort of printing or embossing by electrotypes, 
which has been practised for some years, and which is made more 
valuable by coating the type with iron; this is for embossing 
cards, boards of books, &c. Thirty years ago we made a thick 
electrotype of a skin of morocco leather, depositing directly upon the 
skin, which was used as a print for embossing other skins, giving 
them the appearance of morocco; this kind of embossing has been 
extensively used, and books bound with such skins have all the 
appearance of morocco leather. 

Stereotyping. — As already stated, once the idea of applying the 
electrotype process to copying engravings, &c., was made known, 
it was soon extended and defects remedied ; and this has taken place 
to such an extent that almost every printer of engravings and publisher 
of any extent has adopted the process, so that a great many of our 
most popular illustrated publications are the product of the electro- 
metallurgical art — ^both the letterpress and illustrations. The process 
may be thus performed, although different parties have different 
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modifications in proqeeding, and little practical differences suggest 
themselves to every operator: The forme or page of a book set up in 
type, which may include a wood engraving, is fixed upon the upper 
plate of a screw-press face downwards ; a plate of metal the size of 
the forme^ having a rim round it to the depth of about f of an inch, 
is filled to the edge of the rim with prepared wax, and laid flat in 
the press directly under the suspended forme^ which is brought down 
by the screw upon the wax, the rim of the mould being so arranged 
as to prevent the forme of types being pierced deeper than is re- 
quired; after standing until the wax hardens, the forme is raised, 
and there is thus formed a complete mould of the page, which is 
carefully removed from the plate, and a broad slip of copper slightly 
warmed is laid upon the back of the mould, which becomes embedded 
in the wax and adheres when cold. The face of the mould is now 
brushed over with fine blacklead, until the whole has a metallic 
lustre. It 'is then attached to the zinc terminal of a battery, and 
immersed in a sulphate of copper solution; the battery may be a 
single cell or separate pairs, as the party thinks best, only the plates 
should be large, and so arranged that the copper deposited is of good 
quality and takes little time. About forty-eight hours should give a 
sufficient thickness for being removed from the mould ; it is then cleaned 
and backed up with an alloy to give it sufficient strength for the fatigue 
of working. The face of the copper is cleaned with an alkaline 
solution, and made bright, and there is then deposited upon this a 
blush of iron, by the following process : Make a solution of proto- 
Bulphate of iron (copperas^ or protochloride of iron, in which is 
dissolved some salammoniac (see Deposition of Iron). An iron plate 
is used as an electrode ; the type is attached to the zinc terminal of 
a battery of four pairs, and suspended in the iron solution for only 
a few seconds; a deposition of iron takes place over the surface 
or face of the type as hard as cast steel, and the type thus prepared 
will retain its sharpness for a long time ; and whenever the iron begins 
to wear off, the type is cleaned and passed through weak hydrochloric 
acid, which removes the iron, and prepares the type for a new coating 
of iron, then it is as good as at first ; and this can be repeated as 
often as required, the print ret^ning it«i original sharpness. 

Coating of Glass and Porcelain. — ^This is done by putting a fine 
coating of copal varnish over the glass, then blackleading it, and 
depositing the copper. Another method has been proposed, namely, 
to make a varnish of two parts asphaltum and one part mastic, by 
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fusing these together, and when cool dissolving the mixture in 
spirits of turpentine to a syrupy consistence. To prevent the deposit 
coming off the glass, the vessel is first corroded by the fumes of 
hydrofluoric acid. A solution of gutta percha in benzole has also 
been proposed as a varnish for fixing on the blacklead and deposit.* 

Retorts, basins, and other chemical vessels are sometimes covered 
with copper for their protection during boiling and evaporation. 
China saucepans have also been made and covered with copper to 
take the place of tinned copper vessels; but the adhesion of the 
metal upon these substances, even when we attempt to secure it 
by the means above referred to, is never perfect, and after a short 
use the deposit of copper loosens from the vessels. There is then 
great liability for liquids to get between the coating and the vessel, 
and when heat is afterwards applied these liquids, saturated with 
verdigris, boil out. Consequently such coverings are not well adapted 
either for culinary purposes or delicate chemical operations. They 
have, notwithstanding, been highly reconmiended; and the practice 
of covering the bulbs of large plain retorts, &c., may be useful in a 
few large manufacturing operations, but our experience is certainly 
not favourable to their general use. 

Mr. John Ridgway, of Cauldon Place, Staffordshire, china manu- 
facturer, patented certain improvements in the method or process of 
ornamenting or decorating articles of glass, china, earthenware, or 
other ceramic manufactures. In the specification of his patent, Mr. 
Eidgway states that his first object is to apply a new glaze, which 
shall enable the metallic coating to adhere firmly by capillary attrac- 
tion, and give affinity for copper as a first coating. In pursuance 
of this, he first submits the article to an alcoholic solution, or a 
gelatinous solution. He then brushes over it an impalpable powder, 
composed of half carbide of iron and half sulphate of copper. The 
article thus treated is then to be corroded by the fumes of 
hydrofluoric acid and smoothed, by brushing it over with silver 
sand, or by the scratch-brush; but when the shape and nature of 
the article will not admit of this, it is to be plunged into a liquor, 
consisting of 6 quarts sulphuric acid, 4 quarts aquafortis, f ounce 
muriatic acid, and 6 quarts water. Grease is to be carefully re- 
moved and a thin film of mercury is to be applied. The solution 
of copper consists of one sulphate of copper and four filtered 
water. Suitable solutions for silvering or gilding, are to be applied 
in accordance with the practice of electrotyping. The claim is not 

* Progras of General Science^ vol. ii.; and Pharm, Journal^ yoL TiiL 
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for the BolutioDB or the coating, bnt to the application of ^'electro- 
typing,^* or electro-metiillurgy^ to the objects stated in the title, 
provided the articles be so prepared as to allow them to combine 
and form an alloy with them. 

On Galvanic Soldering. — ^Among the many applications of the 
deposition of metals, there is one we have been often asked about, 
namely, if it would not be possible to solder different metals together 
by that process. The following article, which is taken from the 
Technologist^ will give a full reply to all who may be still inquiring 
for this application : — 

** Under the name of galvanic soldering, a process is known by 
means of which two pieces of metal may be united by means of 
another metal, which is precipitated thereon through the agency of 
a galvanic current. This mode of soldering by the *wet method' 
has been often recommended in various periodicals relating to the 
industrial arts; but it has been objected that, practically speaking, 
the union between two pieces of metal could not be effected by 
means of a metal precipitated by galvanic agency. In order, however, 
to arrive at a definite conclusion upon this question, M. Eisner 
undertook the following experiments, the results of which are in 
favour of the practical use of the operation of soldering by galvanic 
agency. In conducting these experiments, the kind of battery known 
as Daniell's 'constant battery 'was employed; and upon the end of 
the copper wire which formed the negative electrode a strong ring 
of sheet-copper was placed. This ring was cut asunder at one point, 
and the distance left between the several parts was about the sixtieth 
of an inch. At the end of a few days (during which time the 
exciting liquors were several times renewed) the space in the severed 
portion of the ring was completely filled up with copper regulus, 
which had been precipitated; and on partially cutting with a file 
through the part thus filled up, and examining it with a lens, it was 
observed to be very equally filled with solid and coherent copper. 

"Another copper ring was then cut into two parts, and the two 
eemi-angular segments thus obtained were placed with the faces of 
the sections opposite each other, and submitted to the action of a 
galvanic current. At the end of a few days the segments were 
united by the copper precipitated, thus forming again a complete 
ring. It was also found in this case, on removing with a file a por- 
tion of the thickness of the ring at the points of contact, that the 
spaces had been completely filled up by copper galvanioally precipi- 
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tated, which had united the whole. On observing these points care- 
fully with a lens, the regular deposition of the copper could be readily 
traced between the formerly separated portions of the ring. 

^^ A third experiment was made in the following manner : — ^Two strong 
rings of sheet copper were laid with their freshly-cut faces one upon 
another, so that the two rings constituted a cylinder. These rings 
were surrounded by a band of sheet tin, which was coated with a 
solution of wax, so that the two rings were equally surrounded by a 
conducting materiaL Thus disposed, these rings were attached to the 
negative wire of the battery, and immersed in the bath of sulphate of 
copper. At the end of a few days the interior surface of the rings was 
covered with precipitated copper, and between the contact surfaces of 
the two rings copper was also precipitated. These rings had only been 
submitted to the galvanic current to such an extent as to cover their 
interior surface with a thin coating of precipitated copper, and yet they 
were already completely re-united, and formed a cylinder consisting of 
a single piece. The exterior conducting covering consisting of a sheet 
of tin, was of course removed before testing the cohesion or persistence 
of the galvanic precipitate. It may be remarked, that these rings, after 
being for a certain time in contact (during the galvanic action), together 
with the plate of copper upon which they rested, became so encrusted 
with precipitated metallic copper that some force was found necessary 
to effect their detachment from the copper wire. 

*'*' There would appear to be no doubt, then, according to the results 
obtained in the preceding experiments, that two pieces of metal may be 
firmly united by means of galvanically-precipitated copper — ^in a word, 
that soldering by galvanic agency is perfectly practicable. It wiU 
therefore be possible to firmly unite the different parts of a large piece 
of metal, and to make a perfect figure of them by galvanic precipitation 
of a metal (copper in ordinary cases). If solutions of salts of gold or 
silver were employed in as concentrated a form as those of copper above 
. mentioned, there is reason to believe that galvanic soldering would also 
result. In fact, M. de Hackewitz states, that in some experiments on a 
larger scale which he undertook to obtain hollow figures by galvano- 
plastic means, he had remarked that galvanic union often took place 
between the pieces operated upon. M. Eisner states, that while con- 
ducting the experiments above mentioned, he remarked that, by employ- 
ing too powerful a current,, the negative electrodes of copper, and even 
the plate of copper and ring of the same metal resting thereon, became 
covered with a deep brown substance, in the same manner as this occoxs 
under similar circumstances in galvanic gilding, as is well known. After 
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several unsuccessful attempts to prevent the formation of this brown 
coating, M. Eisner found that it was possible to, remove it entirely on 
immersing the articles covered therewith, during a few seconds, in a 
mixture of sulphuric and nitric acids. By this means the precipitated 
copper was made to assume its natural red colour. The possibility of 
practically effecting the operation of soldering by galvanic agency may 
be explained in a few words, in a theoretical point of view. The article 
is, in fact, in an electro -negative state of excitation, whilst the zinc 
operates positively; the result is, that the faces which are placed 
opposite each other, when the ring has been cut, are negative— that is 
to say, in an electric condition of the same denomination. During tlTe 
progress of the electrolytic decomposition of the metallic salt in solution 
(sulphate of copper in the above case), the electro-positive moleculea 
of copper which are detached simultaneously arrange themselves upon 
the two opposite faces, and in the direction of the break. Now, from 
the moment that these molecules are deposited they constitute, with the 
piece, a homogeneous mass ; and from that time act negatively upon 
the copper which is contained in the solution, and again precipitate 
* copper in the form of regulus. This method of operation continues 
until the space which existed between the two separate pieces of metal 
is filled up with metallic copper ; in fact, the layers of copper which 
become deposited in an equal manner upon the contiguous faces of the 
metal gradually diminish the distance which separated the latter, until 
at length the metallic layers which cross in the opposite direction meet 
each other; the result being that the whole of the break which originally 
existed between' the faces will have disappeared, and become filled up 
with copper. 

" With respect to the solidity (the degree of cohesion) of the galvanic 
soldering, it is the same as that of copper or other metal precipitated by 
galvanic agency. It will, moreover, be well understood that too energetic 
galvanic excitation must have an injurious influence upon the cohesion 
of the metal precipitated; and in this case precisely the same phenomena 
will be observed as those which have long manifested themselves in 
ordinary galvano-plastic operations." — L. Elsner: Technologist, 

We mention another application of the electro deposition which 
might be extended. 

Galvano-Plastic Niello. — ^Niello,. a peculiar style of enamelling, 
consists in engraving or stampmg figures on a plate of silver or gold, 
and then filling the incised lines, or impressed pattern, with a sort of 
enamel, differing, however, from true enamel, which is a kind of glass, 
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This enamel is formed of a mixture of the sulphides of lead, silver, and 
•copper. This mixture is of a black colour — hence the name nieUoj from 
nigeUuniy derived from niger, black — and when melted into the intaglio parts 
•of a plate, gives it somewhat the appearance of an inked engraved cop- 
per-plate. A new kind of niello work has lately been introduced on the 
Continent, in which, however, the figures are not produced by an enamel 
•of sulphide of silver, as in the true niello, but by a different coloured 
metal ; thus on a plate of gold may be produced fine engravings, the 
lines of which are in silver, and so on. This can be effected in two 
ways: first, by covering the plate to be ornamented with a varnish 
exactly as is used in etching; the pattern or ornament is then to be 
engraved on this varnish, and the metallic surface etched out to the 
proper depth. The engraved plate is placed in a solution of the metal 
intended to form the pattern, and a deposit allowed to form in the 
usual way adopted in all galvano-plastic works. When the intaglio 
lines have been completely fiUed up by the deposited metal, the plate is 
Temoved from the solution and ground, when the pattern will be fully 
developed. The second method consists in sketching the ornament on 
a sheet of paper with lithographic ink, placing this with the side upon 
which the drawing was made upon a plate of silver or other metal to be 
ornamented, and pressing them together; the paper is now removed 
with water slightly acidified, leaving the ink adhering to the plate, 
which is to be sprinkled with sand. When the ink has fully dried, the 
eand is blown away ; the plate is placed in a solution of the metal which 
it is intended should form the ground, and put in connection with the 
battery. By this means a deposit will be formed over the whole sur- 
face, except the parts protected by the ink; on the removal of the latter 
with alcohol or spirits of turpentine, &c., the original metal will be 
exposed, forming a pattern. Many highly ornamental and useful ap- 
plications might be made of these processes. Instead of simply 
engraving the name and legend upon pieces of plate presented to 
persons, it might be put in in letters of gold at very little more 
expense. 

We have, in our experiments in electrotyping, tried that of orna- 
menting by making copies of prints upon metallic surfaces, as follows : — 
Take an ordinary print, say of a woodcut, and paste it upon the metal 
on which the ornament is wanted, the picture or ink surface being next 
the metal, taking care that no air is left between the metal and paper. 
When the paste is perfectly dry, connect the article with a battery of 
three or four pairs, and put it into the coppering solution. Deposi- 
tion takes place through the paper and paste, except where the ink 
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is; two or three minutes are enough to soften the paste; when the 
operation is completed,{the paper being washed off, there is an exact 
copy of the picture. The amateur may try this on a plate of lead, by 
connecting the plate on which the picture is pasted with a battery, and 
patting it into a sulphate of copper solution, as he would do for an elec- 
trotype, when he will get a copy of the picture on the lead : sUyer or gold 
pictures may also be made in this way. This process has never been 
applied to any useful purpose, but probably its publication may attract 
some one who may see it from a different standpoint, and put it to use- 
ful purposes, as we think there is something to grow out of it. 
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DEPOSITION OF METALS UPON ONE ANOTHER. 



Coating of Iron with Copper. 

Besides making articles of solid copper, we may at a small cost give a 
coating of copper to another metal, such as iron, which, if kept in a dry 
place, will retain the appearance of copper for any length of time. But 
in covering iron with copper, or any one metal with another, great care 
most be taken that a proper kind of solution be used. 

It is a familiar fact, that if a piece of iron, such as the blade of & 
knife, be dipped into a solution of sulphate of copper, it receives a coat- 
ing of that metal. This is often described as the result of galvanic 
action ; but there is no more galvanic action in this than in any ordinary- 
chemical combination — ^it is simply a case of chemical substitution; the 
acid that is in union with the copper having a stronger attraction for 
iron, leaves the copper and combines with the iron : the copper is left 
on the surface of the iron, but the two metals not having sufficient polar 
attraction to cause them to adhere so firmly as to exclude the action of 
the acid, the copper is undermined, and falls to the bottom of the solu- 
tion as a powder. After some copper has fallen upon the surface of the 
iron, local galvanic action is induced between it and the iron ; but this 
secondary action is altogether distinct from that which first takes place : 
at the end, the copper is all deposited, and the remaining solution is 
sulphate of iron. 

Any solution that has the power to give a metallic coating to a metal 
when dipped into it, should not be used to coat that metal by electricity. 

The degree of attraction of the common mineral acids for the ordinary- 
metals is in the foUowing order:— Zinc, iron, copper, nickel, silver, 
gold, platinum. 

If the metal to be deposited be copper held in solution by an acid, say- 
sulphuric acid, then iron or zinc cannot be coated with copper from this 
solution; the acid having a greater attraction for these metals, will leave 
the copper and combine with them as described above; but if the metal 
to be coated be any of those following copper in the above list, then no 
chemical action will take place, and no deposit will be made, except as 
the effect of the electric current introduced by the battery. This we 
believe is the cause why De la Kue, Spencer, and others, failed, at an 
early stage of the art, in their experiments in plating and gilding, as 
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ihey employed acid solutions, whidi aan| ^tiile in^iaeticable nhea used 
for depositing upon inferior metals. Under these Gircnmstances, such 
solvents must be used which have a different relative attraction for the 
metals than the acids have. The substance first applied lor this pur- 
pose is, after upwards of thirty years' experience, still found to be the 
best — ^namely, cyanide of potassium. 

Ctakide of Fotassium. — ^This substance may be prepared by expos- 
ing f errocyanide of potassium (yellow prussiate of potash) to a red heat 
in an iron crucible; then pounding the mass, and boiling it in alcohol 
of about spec. gray. 0*900: cyanide of potassium crystallises on cooling 
the resulting solution. But such a process as this, where hundred- 
weights of the salt are required, would be too expensive; and other 
and less expensive methods are adopted. . With the ordinary method now 
in use there is a very common historical misapplication. As early as 
Febroary, 1834, two brothers, F. and E. Bodgers, published in the PhUo^ 
sophical Magazine an easy process for making cyanide of potassium. After 
detailing the various processes then known, and others which they had 
discovered, they proceeded as follows : — " Cyanide of potassium may be 
prepared by exposing a mixture of anhydrous carbonate of potash and 
anhydrous ferrocyanuret of potassium to a moderate red heat in a 
covered porcelain crucible for about twenty minutes. The proportions 
employed should be nearly one equivalent of anhydrous carbonate of 
potash to one equivalent of the anhydrous ferrocyanuret of potassium: 
the process is very productive, for the weight of cyanuret of potassium 
obtained by this process is much greater than the weight of the cyanuret 
obtained by heating ferrocyanuret of potassium alone, owing to the 
cyanogen of the cyanuret of iron meeting with the potassium contained 
in the carbonate of potash, and, moreover, the process occupies less 
time; some carburet of iron always remains in the crucible." 

As the cyanide of potassium was not then used for manufacturing 
purposes, the process for its manufacture was only known to the 
scientific chemist. When electro-metallurgy created a demand for 
cyanide of potassium, the late Professor liebig recommended a similar 
process to that given above ; his name therefore became, and still 
continues to be, associated with the discovery. He recommended eight 
parts by weight of dry fecrocyanide of potassium, and three parts by 
weight of carbonate of potash, which are the same proportions as given 
by the brothers Bodgers, but stated in a more popular manner. 

Should the electro-metallurgist wish to make cyanide of potassium 
himself, the following method mxy be puxBued :— 
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Ferrocyanide of potassium, pounded fine, is dried over a slow fire 
(we have found an iron plate, or clean shovel, to serve the purpose very 
well) : it must be constantly stirred to prevent its forming a cake upon 
the hot iron ; when perfectly free from moisture, eight parts is thoroughly 
well mixed with three parts of carbonate of potash, also well dried. Put 
a cast-iron crucible into the fire, and when it is red-hot nearly fill it 
with the mixture, and keep up the heat by occasional augmentations of 
fuel: the crucible should be kept covered as much as possible, which 
may be done with an iron plate or a cake of fire-clay. In a short time 
the whole fuses into a liquid with the evolution of gas. It should be 
kept in this state for ten or fifteen minutes, being occasionally stirred 
with an iron rod ; the portion adhering to the rod should be examined 
from time to time, and when the liquid on it cools white, it is an indica- 
tion that it is ready to be removed from the fire ; but the first time a 
cast-iron crucible is used, this test will not be so accurate, the salt 
having then a light grey colour. When the crucible is removed from 
the fire, it should be placed upon a stone, the mass stirred, and then 
allowed to settle for a short time, after which the clear or liquid part 
is to be poured out upon a clean iron slab. The sediment should be 
scraped clean out of the crucible while it is hot, as the crucible will do 
to use again several times; but if the mass at bottom be allowed to 
cool, it will be difficult to remove it from the crucible afterwards. The 
clear liquid poured off is cyanide of potassium, having from 25 to 80 
per cent, of cyanate of potash, and other impurities generally contained 
in commercial yellow prussiate of potash : 80 per cent, of cyanide of 
potassium is the greatest proportion that this process can give. We 
have occasionally obtained it at 78 per cent, from commercial materials, 
but more generally at 70 and 72 per cent. ; and we have found cyanide 
of potassium in the market containing as little as 49 per cent, of pure 
cyanide. 

The results of the manufacture of this salt on a large scale from the 
ordinary materials of commerce, shew that 55 lbs. of yellow prussiate, 
dried as directed above, yield 48 lbs. ; and 19 lbs. of carbonate of 
potash give 18 lbs. of dry salts ; in all 66 lbs. of the proper mJ9d;ure. 
The crucible used was of this shape (Fig. 89), capable of 
holding from two to three pints: in general two of them 
were used up in making the above quantity of cyanide, even 
when great care was taken. One great cause of the crucible 
giving way is the depth of the fire, and openness of the bars 
Fig. 39. of the grate. The bottom of the crucible, between each 
pair of bars, fuses from the great heat concentrated near the opening. 
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To remedy this evil, a square tile of fire-clay should be laid upon the 
bars upon which the crucible is to rest. The tile must not coyer all the 
bars, or the draught will be stopped — an equal space must be left at 
each side of the tile, which will preserve a regular heat around the 
crucible. 

The quantity of clean cyanide of potassium obtained from the above 
quantity of materials was about 38 lbs. ; the sediment scraped out of 
the crucible, being put into water, yielded about 6 lbs. more in solution, 
but of inferior quality — good enough, however, for precipitations, the 
cleaning of silver, and other general purposes in the factory. 

It may be mentioned that in these operations the crucible is never 
allowed to cool, but as soon as the sediment is scraped out, it is again 
put into the furnace. If the iron sediment is not weU cleared out, it 
imbibes oxygen rapidly, and the charge next taken from the crucible 
will have an excess of cyanate of potash, besides lessening the capacity 
of the crucible. Grenerally speaking, however, even when the utmost 
care is taken, the last charge has more cyanate of potash than the first. 
As a furnace for this operation is not always convenient, the electro- 
metallurgist can now be supplied in the ordinary market — cyanide of 
potassium being manufactured on a large scale, and sold at a price as 
low as an electro-metallurgist can make it for himself; however, all 
should be able to do so, and also to test the quality of what he may 
purchase. We have met with very inferior qualities in the market. 

Cyanide of Copper. — ^To prepare copper solutions by means of 
cyanide of potassium, for covering iron and other positive metals, there 
are several methods. 

First Method, — ^To a solution of sulphate of copper add by degrees a 
solution of cyanide of potassium, which wiU give a yellowish -green 
precipitate, with slight effervescence. There will be evolved a gas, 
having a most pungent odour, to prevent the inhalation of which the 
most watchful carefulness has to be exercised, as it is very deleterious. 
It will be found that the copper is not all precipitated by the cyanide of 
potassium ; for according to this mode, when a precipitate ceases to be 
formed, the solution remains greenish-blue, probably owing to the 
decomposition of the cyanate of potash and the formation of ammonia, 
which holds copper in solution, and forms also some complicated com- 
pounds with the cyanides of copper. If cyanide of potassium is added 
until the blue solution disappears, still copper is held in the solution, 
and may be detected by taking out a little, and adding to it a few drops 
of sulphuric acid, which will give a white precipitate of subcyanide of 
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copper. The loss of copper sastained is the only objection to this mode 
of piepsring a copper solution. The cjanide of potassinm is added 
until a precipitate is no longer formed ; it is then allowed to settle, tiie 
dear liquid is poured off, and the vessel is filled with water: when 
the precipitate has again settled, the liquor is poured off, and this 
washing is repeated four or five times, in order to wash out the sulphate 
of potash which is formed during the precipitation. After being thus 
washed, a solution of CTanide of potassium is added to the precipitate 
until it dissolves. The coppering solution is now complete: it is of a 
light yellow colour, and is well adapted for ordinary purposes. The 
loss of copper is, however, considerable, being about one-fifth of ihe 
whole. 

Second Method, — A coppering solution may also be prepared by adding 
to a solution of sulphate of copper a solution of carbonate of soda 
(washing soda wiU do), or carbonate of potash, which precipitates the 
copper as a green carbonate ; continue adding the carbonate so long as 
a precipitate is produced, then put the whole upon a cloth filter. The 
precipitate is washed by filling up the filter several times with water 
— the liquid passing through* the filter is allowed to run away. Put 
tiie filter, after the precipitate is washed, over a dish or the coppering 
bath, dissolve a quantity of cyanide of x>ota6sium in hot water, and pour 
this solution over the precipitate upon the filter, stirring it up the while. 
This wiU dissolve the precipitate, and the liquor passing through forms 
the coppering solution. The objections to this method is that it con- 
tains a great quantity of carbonate of potash or soda, formed from the 
mutual decomposition of the carbonate of copper and cyanide of 
potassium, and these carbonates deteriorate the solution. 

Third Method, — The method we have adopted for manufacturing pur- 
poses is as follows: — To a solution of sulphate of copper we add a 
solution of ferrocyanide of potassium, so long as a precipitate continues 
to be formed: this is allowed to settle, and the clear liquor being 
decanted, the vessel is filled with water, and when the precipitate settles, 
the liquor is again decanted, and we continue to repeat these washings 
until the sulphate of potash is washed quite out. This is known by 
adding a little chloride of barium to a small quantity of the washings, 
and when there is no white precipitate formed by this test, the pre- 
cipitate is sufficiently washed. A solution of cyanide of potassium is 
now added to this precipitate until it is dissolved, during which process 
the solution becomes warm by the chemical reaction that takes place. 
The solution is filtered and allowed to repose all night If the solution, 
of cyanide of potassium that is used is strong, the greater portion of the 
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ferroeyamde of potasBinm crystallises from the solution, and may be 
collected and presenred for use again. If the solution of cjanide of 
potassium used to dissolre the precipitate is dilute, it vill be necessary 
to condense the liquor by OTaporation, to obtain the yellow prussiate in 
crystals ; the remaining solution is the coppering solution. Should it 
not be convenient to separate the yellow prussiate by crystallisation, the 
presence of that salt in the solution does not deterunate it, nor interfere 
with its power of depositing copper. 

Feculiabities IK W0BKIN6 Ctanide qf Coffib SOLUTION. — ^The trae 
composition of the salts thus formed by copper and cyanide of potassium 
has not yet been satisfactorily determined,' being both yarious and com- 
plicated, also their relations to the battery and electrolysation are peculiar. 
The solution must be worked at a heat of not less than from 150^ to 
200^ Fahr. All other solutions we have tried follow the laws laid down 
by Spencer and Smee, namely, that if the electricity is so strong as to 
cause gas to be evolyed at the electrode, the metal will be deposited in 
•a sandy or powdered state ; but the solution of cyanide of copper and 
potassium is an exception to these laws, as there is no reguline deposit 
obtained imless gas is freely evolyed from the surface of the article upon 
which the deposit is taking place. This necessitates the use of batteries 
of several pairs intensity, varying from five to nine pairs of WoUaston^s 
battery, according to the heat and the state of the solution. 

As this solution is used hot, a considerable evaporation takes place, 
which requires that additions be made to the solution from time to time. 
If water alone is used for this purpose, it will precipitate a great quantity 
of copper as a white powder, but this is prevented by dissolving a little 
cyanide of potassium in the water at the rate of about four ounces to 
the gallon ; if the heat is maintained by steam this precaution is not 
required. The vessels used in factories for this solution are genendly 
made of copper, which are heated over a flue, or on a sand bath — the 
vessel itself serving as the positive electrode of the battery ; but any 
vessel will suit, but when the vessel is not of copper a copper electrode 
is employed. 

Pbepabation of Ibon fob coating with Coppeb. — ^When it is required 
to cover an iron article with copper, it is first steeped in hot caustic 
potash or soda, to remove any grease or oil. Beiug washed from that, 
it is placed for a short time in dilute sulphuric acid, consisting of about 
one part of acid to sixteen parts of water, which removes any oxide that 
may exist It is then washed in water, and scoured with sand till the 
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surface is perfectly clean, and finally attached to the battery, and im- 
mersed in the cyanide solntion. All this must be done with despatch^ 
SO as to prevent the iron from combining with oxygen. An immersion 
of five minutes' duration in the cyanide solution is sufficient to deposit 
upon the iron a film of copper. But it is necessary to the complete pro- 
tection of the iron, if it has to be subjected to exposure to weather, that 
it should have a considerable thick coating : and as the cyanide process 
is expensive, it is preferable, when the iron has received a film of copper 
by the cyanide solution, to take it out, wash it in water containing a little 
cyanide of potassium, and then attach it to a single cell or weak battery, 
and put it into a solution of sulphate of copper. If there is any part not 
sufficiently covered with copper by the cyanide solution, the sulphate will 
make these parts of a dark colour, which a touch of the finger will remove^ 
When this is the case, the ^ticle must be taken out, scoured, and put 
again into the cyanide solution till perfectly covered. A little practice 
will render this very easy. The sulphate solution for covering iron should 
be prepared by adding to it by degrees a little caustic soda, so long as 
the precipitate formed is re-dissolved. This neutralises a great portion 
of the sulphuric acid, and thus the iron is not so readily acted upon. 

When the articles to be coated with copper are small in size the 
process is very easy ; but when the surface is large, and when composed 
of cast iron, it is difficult to get every part of the iron coated, and 
requires a longer time in the cyanide solution. If the coated iron is not 
to be exposed to the weather, the coating in the cyanide solution will 
be enough. Of late, a large trade has been done in coppering cast-iron 
stands for paraffin and other lamps. The iron stand is cleaned as de- 
scribed, the coppering solution is kept at a boiling heat, a long deep 
bath is used, made of thick copper, which is attached to the copper of 
the battery; a thick brass rod is laid along the centre of the vat or bath, 
resting upon wood, and attached to the zinc of the battery — ^the battery 
is four pair of zinc and copper. The iron stands, when cleaned, are sus- 
pended in the solution by copper wire from this brass rod: in from seven 
to ten minutes they are completely covered with copper of a very rich 
golden colour, which they very soon lose by exposure. If the colour is 
to be retained, the article is washed in clean boiling water, so that it 
dries instantly on taking out; it is then coated over with thin copal 
varnish. Every kind of bronze tints can be got by exposure before 
varnishing. If a very dark bronze is required, they are exposed for 
some time before washing from the coppering solution. If a green 
colour is required, they are dipped in water containing a little ammonia 
or salammoniac in solution, and then exposed for some time. When 



EFFECTS OF CONDUCTING POWER IN SOLUTIONS AND METALS. 121 

the desired tint is obtained the article is brushed with a hard haii 
brush, to bring out the coppery tint of bronze on the prominences, 
and then varnished with thin copal. We need hardly say here that 
this coating and bronzing can be applied with equal ease and useful- 
ness to other castings than lamp stands — ^inside-stair railing, and any 
iron work not to be exposed to the weather can receive a coating of 
copper and be bronzed ; but such a coating is quite unsuitable for iron 
to be exposed to the weather. 

Effects of Conducting Power in Solutions and Metals. — In 
covering iron, platinum, or such comparatively bad conducting metals, 
with other metals that are good conductors, or the solutions of which are 
good conductors, the property of conduction in relation to the solution 
is beautifully illustrated. If we take a copper wire, say 8 or 10 feet 
long, one end of which is attached to the zinc of a battery, and laid 
parallel with the positive electrode into a solution for the purpose of 
receiving a deposit, it will be found that the greatest amount of deposit 
has taken place at the end farthest from the battery ; but if an iron or 
platinum wire be substituted for the copper one, the contrary result will 
take place, for the end farthest from the battery will be the last to 
receive the coating, and will have the least quantity of metal deposited 
upon it. If the copper wire were 30 feet long, little alteration would be 
seen in the deposit ; but upon an iron or platinum wire of that length 
the deposit proceeds only a certain distance, and no deposit will take 
place on the end farthest from the battery until the current has passed 
a considerable time, after which the deposit is observed to advance 
gradually. The copper as it becomes deposited on the iron acts as a 
conductor, transmitting the deposit farther onwards to its final point, 
as weU as adding to the deposition already effected upon the iron. The 
length of deposit that would be formed on the first immersion of the 
wire depends upon the conducting power of the solution ; for, as already 
stated, solutions vary in this property as well as metals. We have 
found that a few feet of iron wire offer a greater resistance to the 
passage of the current than a solution of cyanide of copper and potassium 
at a heat of 200° Fahr. which is only about three inches between 
the iron wire and the positive electrode ; but their exact relations to 
each other we have not yet had an opportunity of investigating. 

Under these circumstances, it may be asked, why not increase the 
intensity of the battery, and so force it along the wire ? But this, as 
will be apparent, can only be done within certain limits ; for, by increas- 
ing the intensity of the battery, it may be rendered too strong for tie 
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solution near the battery, and thus a sandy deposit will be given at the 
one end and none at the other. The electro-metallurgist, when coating 
long lengths of iron wire with any metal, has to make connections with, 
the battery every few feet. The wire is generally coiled up in the form 
of a corkscrew, and suspended by copper wires. We have found it 
very convenient to coil it upon a reel, having its armatures tipped with 
copper, which are connected with the battery. This plan insures a 
regular coating ; but the position of the wire requires to be changed 
during the operation, otherwise the parts which press upon the arms of 
the reel will be left without deposit 

Illustration of Conduction. — ^As an illustration of the effect of 
conduction between solutions and metal, we mention the following 
circimistance ; — ^Having a large iron shaft, or rod, about 12 feet long 
-and 3 inches average diameter, to cover with copper, we had it properly 
cleaned, placed in a hot solution of cyanide of copper and potassium, 
and surrounded by sheets of copper as a positive electrode. Two 
batteries of seven pairs intensity were attached, one at each end of the 
shaft ; but by an oversight one of the batteries was not properly con- 
nected, the copper terminal of the battery having been attached to the 
«haft. Had the shaft been of copper, the one battery would have 
neutralised the other, so that there would not have been any deposit ; 
or had the one battery been stronger than the other, there would have 
been a current and deposit equal to the excess of power of the one over 
ihe other. But, under the stated circumstances, a different result was 
obtained. After the batteries had been in action two hours, we found 
that a beautiful copper coating was imparted to that half of the shaft 
which extended from the point properly connected, while the other half 
was quite bare — ^no deposit having taken place upon it; but a deposit 
had been made upon the copper electrode opposite this non-affected 
half. The batteries did not, as we could perceive, affect one another, 
except that the one improperly connected prevented the deposit effected 
by the other proceeding farther than the half-length of the shaft ; but 
it made the deposit obtained more perfect than would have been the 
case had there been only one battery at one end. 

In this instance, the distance of the shaft from the electrode was 6 
inches, so that the resistance of 6 feet of the iron was more than 6 inches 
of the solution : hence the influence of the contra-acting battery could 
not reach farther ; or if any power passed farther it was neutralised by 
the other battery, — ^which we are inclined to think did not take place, 
as the amount or thickness of deposit upon the one-half was fully more 
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than we would have anticipated upon the whole, had the batteries been 
properly connected. 

NoN-ADHE££NC£ OF DEPOSIT. — Objections have been made to covering 
iron with copper for its protection, from an impression that thd copper 
will not adhere to the iron ; but if the operation is carefully performed 
the copper will adhere ; when it does not, it will generally be found 
that it is the copper deposited from the sulphate which loosens from 
the copper deposited from the cyanide — occasioned, no doubt, by the 
article not baying been sufficiently washed from the cyanide solution, 
and thus haTing a thin fOm of cyanide of copper precipitated upon the 
surface, which prevents the adhesion of the after deposit. Or, as it 
happens sometimes, that the cyanide of copper solution has not much 
free cyanide of potassium, and consequently, on putting the article into 
water, the cyanide of copper is decomposed by the water and precipi- 
tated upon the surface. If a little cyanide of potassium is dissolved in 
the first water used for washing out the depositing solution, this will 
be prevented (see page 100). 

We have repeatedly deposited copper upon iron wire, and afterwards 
had it drawn out to twice its original length without the copper stripping 
off ; but as the copper by this process becomes hard and brittle it is 
liable to break : the same takes place if the wire is much bent, and if it 
be made red hot, to anneal or soften the copper, it will oxidise, and if 
the coating is thin, the iron will be left bare in some places. We have 
known iron bolts, covered with copper, driven through 17-inch wood, 
and nails of aU sizes subjected to rough work, without the deposit being 
injured. Some iron work coated with a thick coating in 1842, and 
exposed to the atmosphere, remained in good condition for twenty 
years. These remarks are also applicable to iron covered with zinc. 
The coating of iron with copper, for general exposure to weather, has 
been tried in a great variety of ways for large operations ; but in general 
these trials have, commercially, ended unsuccessfully — ^the labour and 
cost is greater than the advantages sought will warrant for ordinary 
purposes. Many years ago trials were made to cover cast iron with 
copper, and then gild or plate for ornamental use, such as for outside 
railings, but without success. We give an abstract of a patent taken 
out for this purpose, shewing the desire for such work^ — 

Coating Cast Iron with other Metals. 

" Mr. W. Newton (for a correspondent) has patented the coating of 
cast iron permanently with copper, by depositing the copper by galvanic 
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action from a solution prepared by first taking a saturated solution of 
sulphate of copper in water and precipitating with carbonate of potash, 
and then re-dissolving in cyanide of potassium, whether the copper be 
deposited directly on the surface of the cast iron, or on zinc previously 
deposited thereon. The second part of this invention consists of 
coating cast iron with the alloy of copper called brass, by first coating the 
cast iron with copper or zinc, or both, and then depositing 'the brass 
thereon by galvanic action, from a solution formed by mixing with the 
isolution of copper employed in the first part of the invention a solution 
of zinc prepared in substantially the same manner. The iron articles 
thus coated may be subsequently coated with gold or silver, so as to 
give them the appearance of these latter metals. The articles of cast 
iron to be coated or plated are first to be cleansed by what is known as 
the ' pickling ^ process with dilute sulphuric acid, and then ' scratch- 
brushed,' as it is termed, to free the surface from scale, sand, and other 
foreign substances which may not have been removed by the acid ; and 
after this the castings are to be immersed in dilute nitro-muriatic acid. 
Any other mode of thoroughly cleansing the surface may be substituted 
for that above indicated. A solution of zinc is then prepared in the 
following manner : — ^Dissolve the sulphate of zinc in water until the 
water is saturated, and precipitate by means of prussiate of potash. 
The precipitate is then collected in a filter, and re-dissolved in cyanide 
of potassium. This constitutes solution number one. A solution of 
copper is then prepared in the same manner by dissolving sulphate of 
copper in water, and precipitating with carbonate of potash: this 
precipitate is dissolved in cyanide of potassium, and is called the second 
or copper solution. The third, or what may be termed the brass solu- 
tion, is then prepared by mixiug together the first or zinc solution with 
the second or copper solution, in such proportions as to produce the 
shade of colour required — ^increasing the proportional quantity of the 
one or the other at the discretion of the operator. The iron castings 
having been thoroughly cleansed, are first immersed in the first or zinc 
solution, and the galvanic battery applied in the usual manner of 
electrotyping, and continued imtil the required thickness of zinc is 
deposited on the surface of and caused to unite with the surface of the 
cast iron. The castings thus coated or plated with zinc are then to be 
immersed in the second or copper solution, and the galvanic battery 
applied as with the first or zinc solution, and continued until the 
required thickness of the copper shall have been deposited. In this 
way it will be found that the copper coating has become thoroughly 
attached to the zinc, and the zinc to the iron, so that they cannot be 
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remoyed except by filing or cuttiDg, as in the case of a solid mass of 
copper ; so that articles, of whatever form desired, which can be made 
of cast iron, can be coated with copper, so as to answer nearly if not 
all the purposes to which they could be applied if made of solid copper, 
thus greatly economising the cost. After the surface of cast iron has 
been coated with zinc or with copper, or with zinc and then with copper, 
which latter is much the best, if it be desired to coat it with brass, it is 
to be immersed in the third or brass solution, and the galvanic battery 
applied until the required thickness shall have been deposited. In 
doing this it is important that the positive pole of the battery should be 
made of brass, and as nearly as practicable of the shade of the brass to 
be deposited ; for if a copper pole be applied, it will deposit in excess 
the copper portion of the solution. If desired the brass can be 
deposited on the coating of zinc instead of the coating of copper ; but 
it will be found decidedly better to deposit the brass on the coating of 
copper, whether the copper be deposited directly on the cast iron or on 
a coating of zinc, although the latter is the best. In this way articles 
are produced having all the appearance, and answering nearly if not all 
the same purposes as if made entirely of brass, and at much less cost. 
The cast iron being thus coated with brass, the surface may be bronzed 
in the usual and well-known manner of bronzing brass ; and as the 
process of bronzing on brass and copper is well-known, it will be un- 
necessary to give a detailed description of it. The surface of the cast 
iron being thus coated with brass, or with copper, can then be coated 
effectually with silver or gold in any of the well-known modes of coat- 
ing brass or copper with those fine metals ; it will not, however, be 
necessary to give the details of such mode or modes, as they are well 
known in the arts. The patentee remarks that it will be found better 
to deposit the silver or gold on the brass coating than on the copper 
<;oatiDg, on account of the colour, particularly when, from reasons of 
economy, it is desired to make the coating of fine metal very thin. The 
patentee claims the process herein described, or any mere modification 
thereof, for coating cast iron with copper, by causing the copper, from 
a solution such as above described, to deposit by galvanic action, 
directly on the surface of the cast iron or on the zinc previously 
deposited thereon, as set forth. And also the process herein described, 
or any mere modification thereof, for coating cast iron with the alloy of 
copper known as brass, by causing the brass, from a solution such as 
above described, to deposit, by galvanic action, on to the surface of the 
cast iron, previously coated with zinc or copper, or both, as specified." 
Whether this patented process was ever practically adopted by manu- 
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f actnrers we do not know, but the deposition of zinc and copper together 
has been and is practised to a considerable extent by several manu- 
facturers with differently prepared solutions. The following methods 
for making a brassing solution that works well is very simple : Dissolve 
together 2 lbs. sulphate of zinc and 2 lbs. sulphate of copper, and add 
to this a solution of carbonate of soda as long as a precipitate is formed ; 
then wash this precipitate, as we have described for coppering solutions. 
Make two solutions of 4 lbs. of bisulphite of soda and 4 lbs. of 
cyanide of potassium. Put the precipitate into the solution of bisul- 
phite of soda, and stir well; then add the solution of cyanide of 
potassium, which should render it of a lightish-yellow colour ; filter the 
whole from any insoluble matter, and the solution is ready for use. A 
brass plate is to be used as an electrode. In working with this and 
every other brass or other alloy solution, great care is required for 
success, as the two salts have different conducting powers for the 
current; so that sometimes the copper is most deposited, at other times 
the zinc, according to the heat of solution or power of the current, which 
is shewn when depositing on large objects ; the part next the electrode 
may be a good brass, while the parts farthest off will be of different 
tints; however, solutions generally improve by working ; if the tendency 
is to give too much copper, more zinc has to be added, and if the ten- 
dency be to whiteness, add more copper to the solution. Such deposits 
are mostly used for coating small objects which are not to be exposed to 
the weather. In a paper read before the British Association in 1870, 
by W. H. Waleren, F.C.S., " Upon the Deposition of Brass," the author 
says, ^^ Ordinarily a solution containing the cyanide of copper and 
zinc respectively, dissolved in a solvent solution consisting of a mixture 
of potassic cyanide with a salt of ammonium, is employed to deposit 
brass. This solution, however, evolves hydrogen copiously, and is only 
workable by means of two Grove's cells. The evolution of gas may be 
either totally stopped or much lessened by dissolving as much of the 
metallic cyanides as the solution will take up, and then further charging 
the solution with the copper and zinc oxides. The evolution of gas may 
be totally stopped by the further use of cupric ammonide. When the 
evolution of hydrogen is stopped, a single Smee's cell is sufficient to^ 
deposit the alloy; but in practice a single Grove's cell or equivalent 
magnet electro-power is employed in order to shorten the time of im- 
mersion in the electro-coating bath.'' The quality or colour of the 
brass (yellow or red) depends upon the heat of the sohition. This 
process is strongly recommended for giving cast iron used for architeo- 
tuxal purposes the appearance of brass. 
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Coating of Iron with Zinc. 

In covering iron with zinc, the precautions necessary for copper ar& 
not required : zinc being positive to iron, acids have a strouger affinity 
for it than for iron, and therefore a solution of an add salt may be used. 
The one generally used ib the sulphate. 

Sulphate of Zinc. — Zinc dissolves easily in sulphuric acid, and the 
solution by evaporation yields crystals of sulphate of zinc; but as- 
the salt is very cheap and abundant in the market, it is more con- 
venient and economical to buy than to make it. The solution for 
depositing is made by dissolving two pounds of the crystallised salt 
in one gaUon of water. The single-cell process cannot be used advan- 
tageously with this solution. A separate batteiy is necessary and a 
zinc positive electrode. The metal is very easily deposited — one or 
two pairs of Wollaston's battery being sufficient for coating small 
articles. 

Zinc may be deposited upon blackleaded surfaces in the same manner 
as copper; but unless more than ordinary precautions are observed^ 
an article formed in this manner is so brittle that it can hardly b& 
handled without breaking from its crystalline character. When the 
deposition upon blacklead is attempted, the best method is to have 
the solution saturated with the salt, employing a battery of six or 
seven pairs of plates, and keeping the article on which the deposit is- 
forming constantly in motion. 

The use of cyanide of zinc has been recommended, but for what 
good reason it is hard to know. In several trials we made there were 
presented great practical difficulties. The positive electrode became 
coated, after a few minutes' working, with a white pasty matter, which 
prevented further action, and all but stopped the current. Some of 
iMa white coating collected, washed, and dried in the air, gave by 
analysis — 

Oxide of zinc, 51*3 

Cyanogen, 1-7 

Iron, trace 

Potash, 2-3 

Carbonic acid, . . . . . . 27-8 

Matter insoluble in HCl., .... 2-% 

Water, 14-8 

100-4 
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The zinc appears to be conyerted into carbonate of zinc, and deposits 
on the pole ; the potash combines with the cyanogen as cyanide of 
potassium, and surrounds the article getting the deposited metal 

Use of Zinc Coating. — ^The principal application of zinc is upon 
iron, to protect it from corrosion, which it does, not only as a coating, 
but from its more electro-positive character it protects it by a gal- 
vanic influence. The voltaic influence of zinc for protecting iron is a 
Bubject that has occupied the attention of practical men for a long 
time: it is one of high importance: nevertheless, there seems yet a 
great deficiency in our knowledge of the extent of this influence, and 
how and when it is effective. 

Upon this subject the late Professor Faraday, in the Report of the 
Harbours of Refuge Commissioners^ states, '* Zinced iron would no doubt 
resist the action of sea- water so long as the surface was covered with 
zinc, or even when partially denuded of that metal ; but zinc dissolves 
rapidly in sea-water, and after it is gone the iron would follow. 

"As to voltaic protection, it has often struck me that the cast-iron 
piles proposed for lighthouses or beacons might be protected by zinc 
in the same manner as Davy proposed to protect copper by iron ; but 
there is no doubt the corrosion of the zinc would be rapid. If not 
found too expensive, the object would be to apply the zinc protectors 
in a place where they could be examined often, and replaced when 
Tendered ineffective. In this manner I have little doubt that iron 
would be protected in sea-water." 

Influence of Galvanism in protecting Metals from Destruction 

BY Oxidation and Solution. 

The galvanic influence of one metal in protecting another is in re- 
lation to their negative and positive qualities in the circumstances they 
Are placed together with their conducting powers. Their relations 
in sea- water are silver, copper, bismuth, antimony, iron, tin, lead, 
cadmium, zinc ; the first the most negative, the last the most positive 
in the series. So that, according to this. scale, the farther apart the 
metals may. be which are selected for experiment, the more decided 
will be the power of the positive to protect the negative. Copper and 
zinc operate more strongly together than iron and zinc. 

A metal that is insoluble when placed singly in a fluid may be made 
soluble by connection with a relatively negative metal placed in the 
same fluid. For example, pure zinc put into muriatic acid is unaf- 
f e 3ted, but when connected with copper in the same fluid it is rapidly 
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sxited upon. Or a metal may be soluble in a fluid alone, but maj 
be rendered insoluble by connection with a relatively positive metal, 
ig^hich undergoes decomposition instead. Thus, copper is dissolved 
in sea-water when alone, but when a piece of zinc is connected with 
it, the copper is unaffected. This last effect is the substance of Davy's 
method of protection alluded to by Dr. Faraday. In applying this 
principle, it is necessary to take into consideration — 

1st, The amount and power of electricity generated by the connected 
metals in the same fluid; and 

2nd, The conducting power of the metal which is being protected. 

Ist. The amount and power of the electricity evolved is in pro- 
portion to the difference of the relative negative and positive conditions 
of the metals employed. The more negative the coated metal or metal 
heing protected is, the less it requires protection, although its powers 
of giving protection are the greatest. And the more positive the coated 
metal the more liable it is to be destroyed, and the greater the amount 
of electricity required to protect it; but unfortunately it is less able to 
generate this electricity when in contact with another metal. Thus 
these two conditions are opposed to ike application of galvanic influ- 
«nce for protecting iron. 

Suppose, for example, that 4 square inches of zinc in connection 
with 4 square feet of copper, give out sufficient electricity to protect ^e 
ooj^er from sea-water, it will be found that to obtain the same amount 
of electridly by iron and zinc, 2 square feet of the latter to 4 square 
feet of the former are required.* Besides this, the same quantity of elec- 
tricity that protects copper will not protect iron; nor will any quantity 
of zinc protect iron from corrosion in sea- water — even a bar of iron 
placed in a zinc vessel filled with sea* water is not completely protected. 

2nd. The conducting power of the negative or protected metal 
subjected to submarine immersion is a subject of very great import- 
^ance. Suppose a piece of copper and a piece of zinc be connected 
vmder a solution — say a copper bar (c) 4 feet long, with a piece of zinc 

(z) 4 inches in lex^^, 

erected on one mid, as 

in the annexBd sketch:— 

'Hie conducting 

power of the copper is 

, ^ so much superior to that 

^ ^' of the solution that the 

♦ These proportions, 0ven in roimd nnmhers, ue nearly accurate; bat ^ley vary aooorft- 
ing to the kind of iron, the state of the iv»ter, the stance of tiie metali, fto. 

I 
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whole length of the bar will become instantly negative, and the current 
of electricity will pass to and from all parts of the bar at the same 
time in the lines h, b, h; but the current will be more active towards 
the point of contact than towards the distant extremity — ^the re- 
sistance of the solution being less in proportion to the proximity 
of the metals. But if a bar of iron, and a piece of zinc as a protector, 
be placed in the same circumstances, the phenomena assume quite a 
different aspect: the conducting power of iron being much less than 
that of copper, the distant extremity will not be affected by the elec- 
tric current, which wlQ find a more easy passage, as indicated by the 
dotted lines e, e, e, beyond which the electric effort ceases ; and even 
in that portion of the bar which is under the influence of the current^ 
the part nearest the zinc is better defended than those parts which 
are farther distant. This partial protection, while it induces a nega- 
tive state at the near end, renders the other end more positive. Such 
a diversity of condition gives rise to voltaic action between the two 
extremities of the bar c, and the result is the destruction of the far 
end. In all cases of voltaic protection the more equal the influence 
over the whole surface protected, the more perfect is the protection. 
An inequality of protection, such as we have described, is productive 
of numerous evils. It is, we believe, the source of many of the injuries 
occurring in our day to copper sheathing. One part of a sheet 
becoming, by some local cause, negative, the other parts are thus 
rendered positive ; the result is, that upon the borders of an individual 
sheet either overlapping or underlying its neighbouring sheet, an 
electric current is excited, passing through the stratum of moisture 
which may intervene, and the ultimate effect is, that the positive edge 
is dissolved as effectually as if cut by a knife. The evil arising in 
one place may be so contagious as to affect a whole neighbourhood 
— ^sometimes the whole side of a ship's bottom. 

In fresh water, iron covered with zinc cannot be protected any 
length of time, for the zinc coating speedily oxidises and comes off 
and exposes the iron. When iron is simply exposed to the air, a good 
coating of zinc is a sure protection. We have seen iron of various 
qualities coated by the electro process and exposed to the atmosphere, 
in all weathers, for several years, whithout being more affected thaa 
a piece of zinc would be. In spots where abrasion has taken place 
by accident or otherwise, the protecting power of the zinc is nil, and 
the iron rusts as if there were no zinc present. No other result, 
however, could be anticipated, as there can be no electric excitatiou 
without a liquid to connect the two metals. 
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In the early days of electro-metallurgy the tinplate manufacturer 
saw in the practice what might revolutionise his trade. Tin was 
costly, zinc was cheap ; tin was electro-negative to iron, and hastened 
its destruction when any part of the iron was exposed. Zinc was 
electro -positive to iron, "and would consequently protect it from 
corrosion as long as any coating remained. Such were the prevalent 
and popular ideas upon this matter; and to put these to the test we 
were invited to several large tinplate works, to the first of which we 
went with the most sanguine prospects, which were given up after 
a few days* trial; but it required experience to shew the inefficiency 
of the electro-process to compete with the tinning, not only that the 
coating of zinc given to the iron by the battery was no proper pro- 
tection, but the depositing of this coating requiring several hours was 
as expensive as tin; and to do the quantity required in the trade would 
require acres for erection of vats and batteries. 

The iron to be coated by zinc is to be cleaned and prepared in the 
same manner as we have described for the purpose of covering it with 
copper (page 119). 



ELECTRO-PLATING. 



The next applicationB of the electro -deposition we hssve to notice are 
those relating to silver and gold, embracing the arts of electro-plating 
and gilding — arts which have revolutionised some extensive branches of 
manufacture effecting the same object but by different means. 

To Make Silver Solution. — The solution of silver used for plating 
consists of cyanide of silver dissolved in cyanide of potassium, which 
'may be prepared in various ways. We shall first describe some of the 
preparations most in use, and also point out practical objections which, 
in special cases, have occurred under our own observation, not omitting 
to specify and recommend those methods which have approved them- 
selves to us as being most simple and effective. 

The method generally adopted is as follows : — ^Metallic silver is dis- 
solved in four parts of nitric acid, diluted with one part of water : the 
diluted acid is heated by putting the vessel in hot water or on a hot 
plate, the silver is added by degrees. The operator must avoid breathing 
the fumes which ascend, as they are highly deleterious. The metal 
being dissolved, the solution is transferred to a large vessel, and diluted 
with water. To this is added a solution of cyanide of potassium so long 
as a white precipitate is formed. This precipitate is cyanide of silver, 
and the action which ensues may be thus represented — 

Substances used. Substances produced. 

Nitrate of silver = AgNOj. Nitrate of potash = KNOj. 

Cyanide of potassium = KCy. Cyanide of silver = AgCy. 
AgNO, + KCy = KNO3 + AgCy. 

The propriety of diluting the nitrate of silver before precipitating by 
the cyanide of potassium arises from the fact, that the salts of potash 
and soda (such as the nitrates, chlorides, and sulphates), when in strong 
solution, dissolve small quantities of the silver salt, and thus cause a 
loss, which is prevented by previous dilution with water. 
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When the precipitate of cyanide of silyer has settled, the clear solntion 
ifi carefully decanted, and the vessel filled np with water, which is again 
decanted as soon as the precipitate has settled. This process is to be 
repeated three or four times, so as effectually to wash out the soluble 
salts. When properly washed, a solution of cyanide of potassium is 
added to the precipitate, until it is aU dissolved. The resulting solution 
is cyanide of silver, dissolved in cyanide of potassium, and forms the 
plating solution. It ought to be filtered previous to using, as there is 
always formed a black sediment^ composed of iron, silver, and cyanogen, 
which, if left in the solution, would faU upon the surface of the article 
receiving the deposit, and make it rough. The sediment, however, 
must not be thrown away, as it contains silver. The cyanide of 
potassium, used to dissolve the cyanide of silver, may be so diluted 
that the platiog solution, when formed, shall contain one ounce of silver 
in the gallon: of course, the proportion of silver may be larger or 
smaller, but that given is what we consider good for plating. 

In dissolving 100 ounces of silver, the following proportions of each 
ingredient are those which we have found in practice to be the best. 
Take 7 pounds of the best nitric acid* and 61 ounces of cyanide of 
potassium, of the average quality described at page 115 : this quantity 
wiU precipitate the 100 ounces of silver dissolved in the acid solution. 
After this is washed, take 62 ounces more of cyanide of potassium, the 
solution of which wUl dissolve the precipitate: this being done, the 
plating solution is then formed. Of course, these proportions will vary 
according to the difference in the quality of the materials; but they 
-will serve to give an idea of the cost of the silver solution prepared in 
this manner. 

In making up a solution in this way, great care is necessary in the 
precipitation of the silver from the nitrate. If there is not a sufficiency 
of cyanide of potassium added some silver will remain in solution. 
Again, should there be a slight portion more added than is required, 
some of the precipitate is dissolved, so that in either case there is a loss 
of silver. It is safest in making up a solution by this method, to keep 
the first liquor that is decanted off ; and if a large quantity of silver is 
being operated upon, keep also the second decantings, and add to these 
a little hydrochloric acid, which will precipitate any silver present as a 
chloride, which can be collected upon a filter and reduced by means 
which will be given afterwards. 

* The nitric acid xnust he free from hydrochloric (muriatic) acid: to a email quantity of 
the acid, in distilled water, add a few drops of solntion of nitrate of sUyer ; if it gives a 
milky white precipitate, it containB muriatic acid, and ehonld be rejected. 
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Ctakide of Silver dissolved in Yellow Prussute of Potash. — ^We 
have occasionally dissolved the cyanide of silver by yellow prussiate of 
potash, three pounds of which are required to dissolve one ounce of 
silver. This forms an excellent plating solution, and yields a beautiful 
surface of silver. It must have a weak battery power, and consequently 
the silver is very soft. The positive electrode does not dissolve in this 
solution: there is formed upon its surface a white scaly crust, which 
drops off and falls to the bottom; and the solution soon becomes 
exhausted of silver, and is not of practical use. 

Solution made with Oxide of Silver. — Oxide of silver may be 
formed in different ways, but the most simple is adding to a solution of 
nitrate of silver a solution of caustic, potash, or soda, which precipitates 
the silver as an oxide. This precipitated oxide is washed by decanting, 
as we have described in making cyanide of silver. By dissolving this 
oxide of silver in cyanide of potassium it forms a solution of cyanide of 
potassium and silver ; but this preparation is less economical, because 
the materials used in converting the silver into an oxide are lost; it 
requires the same amount of cyanide of potassium as the process just 
described, and brings, moreover, an equivalent of potash into the 
solution, which is a disadvantage. The following diagram shews the 
reactions that occur: — 

Substances used. Substances produced. 



Oxide of silver ^ AgjO. 

Cyanide of potassium = 2KCy. 
Cyanide of potassium = 2KCy. 



Potash = K2O. 
Cyanide of silver > 
and potassium. ; = ^^^^^ ^S^^' 



Ag,0 + 4KCy = K20 = + 2KC, AgCy. 

Solution made with Chloride of Silver.— The nitrate of silver may 
also be precipitated by adding a solution of common salt to it, and 
treating it in the same way as described for precipitation by cyanide of 
potassium: this would form chloride of silver, which may be dissolved 
in cyanide of potassium, thus forming the silver solution. But the 
objection urged against the use of oxide of silver is equally applicable 
in the case of chloride ; and great care is required in precipitating large 
quantities and strong solutions of silver by common salt, the chloride 
of silver being soluble in the salts of the alkalies — such as the nitrates, 
chlorides, and sulphates, and there is therefore great liability to loss by 
this process, and we have not the redeeming quality of a saving. By 
precipitating afterwards from the decanted liquor with hydrochloric 
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acid, the best means of recoyering any silver thus dissolved is dilution, 
as the chloride is barely soluble in dilute solutions of the above named 
salts. In making a plating solution by this means, put all the decanted 
liquors together, and allow them to stand for several hours, when any 
chloride of silver dissolved will faU to the bottom of the vessel and can 
be recovered. The reaction which takes place by dissolving chloride of 
silver in cyanide of potassium may be illustrated as follows : — 

Substances used. Substances produced. 



Chloride of silver = AgCl. 
Cyanide of potassium = KCy. 
Cyanide of potassium = KCy. 



Chloride of potassium = KCL 
Cyanide of silver) 
and potassium.; =KCy»AgCy. 



AgCl + 2KCy = KCl + KCy, AgCy. 

Thus, we observe, that the action taking place is not mere solution 
but decomposition; wh^h upon 100 ounces of silver in this preparation 
produces an impurity of 70 ounces of chloride of potassium, which, 
although not injurious to the working of the solution, would nevertheless 
be much better away. 

The Best Method of Making Silver Solution. — ^The best and 
cheapest method of making up the silver solution is by the battery, 
which saves all expense of acids and the labour of precipitation and 
washing. This is effected by taking advantage of the principle of non- 
transfer of the metal in electrolytes (see page 90). To prepare a silver 
solution which is intended to have an ounce of silver to the gallon 
(see page 133), observe the following directions: — ^Dissolve 123 ounces 
of cyanide of potassium in 100 gallons of water; get one or two flat 
porous vessels, and place them in this solution, leaving out half an 
inch of the mouth of the porous cell, and All them with the same 
solution to the same height as the solution outside ; in these porous 
vessels place small plates or sheets of iron or copper, and connect them 
with the zinc terminal of a battery: in the large solution place a sheet 
or sheets of silver connected with the copper terminal of the battery. 
This arrangement being made at night, and the power employed being 
two of Wollaston^s batteries, of five pairs of plates, the zincs 7 inches 
square, it will be found in the morning that there will be dissolved 
from 60 to 80 ounces of silver from the sheets. The solution is now 
ready for use ; and by observing that the articles to be plated have less 
surface than the silver plate forming the positive electrode for the first 
two or three days, the solution will then have the proper quantity of silver 
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in it. We liave occasionally f onnd a little silyer in the porons cell : it is 
therefore not advisable to throw away the solution in them without first 
testing it for silver, which is done by adding a little muriatic acid to it. 

From this description the amateur electrotypist may easily make up a 
small quantity of solution for silvering his medals or figures : half -ounce 
of silver to the gallon of solution will do very weU for his purpose : & 
fimall quantity of solution may be prepared in little more than an hour. 

As the cyanide of potassium dissolves silver without the aid of a 
battery, by merely allowing some silver scraps or silver to steep in this 
solution for a few days, a plating liquor may be formed ; but this is 
tedious and uncertain, although for small operations, and wh^re porou» 
vessels are not convenient, it will serve the purpose. 

Other solutions of silver besides the cyanide may be employed, if 
the law stated at page 114 is strictly observed. Indeed, every salt of 
silver has not only been tried, but is either the subject of a patent, or 
prominently included in it. None of them, hovever, yrith the exception 
of two, have we found of any practical value compared with that already 
described : these are the chloride of sQver dissolved in hyposulphite of 
soda, and the sulphite of silver dissolved in sulphite of potash, or 
sulphite of soda, which are prepared as follows : — 

Hyposulphite of Silver Solution. — ^The simplest method known to 
us for forming the hyposulphite of silver solution is this: — Take one 
pound of pure carbonate of soda, well dried, as described at page 115 ; 
mix it inthnately with five ounces of flowers of sulphur; place the 
mixture over a slow fire without flame, in a procelain or stoneware 
basin, which must be supported by an iron trellis, or any convenient 
support, to prevent it touching the red coal ; keep the mixture 
constantly stirred, and maintain the heat till the sulphur melts, and 
the mass inclines to get pasty and rough : while in this state, keep 
stirring for about fifteen minutes, in order to bring every part in contact 
with the air. Set the mixture to cool, after which dissolve it in water i 
boil the solution for some time, adding sulphur; then filter it, and 
allow it to evaporate at a slow heat : the crystals formed are hyposul- 
phite of soda. 

This salt is manufactured on a large scale, and can be purchased 
in the market in a crystalline form, and which we would recommend 
in preference to making it. 

To prepare the silver solution, the silver is first dissolved in nitric 
acid, and then precipitated by a solution of common salt, and washed^ 
with the precautions stated at page 134. When the precipitated 
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chloride of aflver ia well wasted, some of the crjstala of hyposulphite 
of soda are dissolved, and the Eolution is added to the chloride of 
silver, which it dissolves, forming the plating solution. If the oper- 
ator makes the hyposulphite, it is not necessary to cryatallise tbe 
byposnlphite of soda; it should be used as soon as made. 

The hyposulphite of silver solution is very easily decomposed by 
the electric corrent, so that a weak battery will snifice to plate by it; 
but the great objection is its liability to decompose in the ligbt, and 
to deposit the silver as sulphide; unless great care is exercised, the 
silver deposited from it will he in a granular condition, which is a 
great objection in plating. 

ScLPHiTE OF Silver Platdjo Solution. — The sulphite of silver 
Bolntion is prepared in the following manner, as described by the 
patentee of the process; — 

"The solution which I use is made in the foUowing manner: — I take- 
of the best pearl-ash of commerce 38 lbs. (aToirdnpois), and add to 
it 30 lbs. (avoirdupois) of water, and boU them in an iron vessel untit 
the pearl-ash is dissolved; the solution should then be poured into 
an earthenware or other suitable vessel, and suffered to stand until 
the liquor becomes cold. It shoiild then be fUtered, and 14 lbs. 
(avoirdupois) of distilled water added thereto; sulphurons acid gas 
(obtained by any of the known processes) should then be passed into 
the filtered liquor until it is saturated, 
taking care not to add sulphurous acid 
gas in excess. The liquor should be 
again filtered, and the liquor so filtered 
is what I term the solvent or sulphit* 
of potash. 

" To make the eilvering liquor which 
I nee in coating with silver, the sorface 
of articles formed of metal or metallic 
alloys, I dissolve 12 ounces (avoirdupois) 
of crystallised nitrate of silver in 3 lbs. 
of distilled water (in a clean earthen- 
ware vessel), and add to the solution, 
by a little at a time, the beforemen- 



tioned solvent, so long as a whitish 



Fig. 41. 



coloured precipitate is produced (ca 

being taken not to add more of the solvent than is necessary). After 

the precipitate has subsided, I pour off the supernatant hquor, and 
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wash the precipitate with distilled water. To the precipitate I add 
as much of the before-mentioned solvent as will dissolve it, and 
afterwards add about one-sixth part more of the solvent, so that the 
4Solvent may be in excess ; I then stir them well together, and let them 
remain about twenty-four hours, and then filter the solution, when it 
will be ready for use. This is what I designate Silvering Liquor."* 

Sulphurous acid gas for making the above liquor may be prepared 
by heating sulphuric acid, undiluted, in a flask or any convenient 
vessel, adding small pieces of copper or charcoal : the gas escaping is 
made to pass into the solution to be saturated with it. 

Fig. 41 is a very convenient apparatus for the preparation of this 
gas for saturating solutions. 

This solution is also very easily decomposed by the electric current, 
And serves the purposes of plating very well ; but it is also liable to 
decomposition by light, and is not so good in practice as the solu- 
tion of cyanide of potassium and silver. The latter solution is, 
however, also liable to a kind of decomposition, by long exposure, not 
yet fully investigated, but it is wholly confined to the impurities in 
the cyanide of potassium, which never deposits silver; whereas the 
•decomposition that takes place in the sulphite or hyposulphite affects 
the silver compound, and precipitates the silver from solution. 

To Eecover Silver from Solution. — ^When a silvering solution, 
BO matter how made, gets out of order, and cannot be rendered fit 
for use again, the silver may be recovered by adding to the solution 
any acid that will neutralise the alkali ; the best is hydrochloric acid, 
when the silver will be precipitated as a chloride, in which case the 
solution should be diluted, or a portion of the precipitate wiU be re- 
dissolved (see page 134). The precipitate is allowed to deposit, the 
clear liquor decanted, and the vessel filled with water to wash the 
precipitate, which is afterwards collected upon a filter and dried, and 
then mixed with twice its weight of carbonate of potash, and fused 
in a Hessian crucible for fifteen minutes, or until the fused fluid ceases 
to effervesce. On removing the crucible, and pouring the whole 
into an iron ladle, the sQver will be found, when cool, in the metallic 
iState at the bottom of the ladle. 

In these operations, when pouring the acid into a cyanide solution, 
great care must be taken not to inhale the fumes given off, which 
are very abundant, sickening, and poisonous. (See effects of breathing 
cyanogen on health.) The operation should be done in the open 

* Repertory of Patent Inventions, Fifth Series, page 210, 1843. 
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air, and even then it is dangerous. Instead of throwing down the 
silver by an acid, it is better to evaporate the solution to dryness, 
and to fuse the product as described, in which case the cyanide of 
potassium present is an excellent reducing flux, requiring no addition 
of carbonate of potash, and saves the necessity of evolving poisonous 
fumes. 

When this last method is adopted, and the solution has contained 
yellow prussiate of potash, it is found that during this fusion portions 
of the metal sometimes form a scoriaceous nodule at the bottom of the 
crucible, and all the heat that can be applied by an ordinary assay 
furnace will not fuse it. This refractory piece, when cooled, has gen- 
erally a rough scoriaceous surface, and is exceedingly hard. When filed 
it has more the colour of German silver than of real silver ; it has con- 
siderable malleability, and retains its bright appearance for a long time 
without tarnish. An analysis of this alloy gave — 

saver, 82-15 

Copper, 912 

Iron, 7-50 

Carbonaceous matter, .... *46 



<^ 



99-23 

If we suppose the carbonaceous matter to be an accidental impurity, 
this alloy will nearly agree with the formula AggCuFe. 

Preparation of Articles for Plating. — Articles that are to be 
plated are first boiled in an alkaline ley, to free them from grease, then 
"washed from the ley, and dipped into dilute nitric acid, which removes 
any oxide that may be formed upon the surface ; they are afterwards 
brushed over with a hard brush and sand, of which a kind obtained 
from the Isle of Wight, and known as silver sand, is the best. The alka- 
line ley should be in a caustic state, which is easily effected by boiling 
the carbonated alkali, and adding slaked lime, until, on the addition of 
a little acid to a small drop of the solution diluted with cold water, no 
effervescence occurs. The lime is then allowed to settle, and the clear 
liquor is fit for use. The ley should have about half a pound of soda- 
ash, or pearl-ash, to the gallon of water. The nitric acid, into which 
the article is dipped, may be diluted to such an extent that it will 
merely act upon the metal. Any old waste acid will do for this purpose. 
In large factories the acid used for dipping before plating is generally 
afterwards employed for the above purpose of cleaning. 
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The article being thoroughly cleaned and dried is weighed, and a 
copper wire attached to it, either by twisting it round the article or put- 
ting it through any open part of it, to maintain it in suspension. It 
is then dipped into strong nitric acid as quickly as possible, washed 
through water, and then immersed in the silver solution, suspending it 
by the wire upon a brass rod which crosses the mouth of the vessel and 
is attached to the zinc of the battery. The nitric acid generally used 
and found best for dipping has a specific gravity of 1*518, and contains 
10 per cent, sulphuric acid, and costs about 3d. per pound. The article 
is instantaneously coated with silver, and ought to be taken out after a 
few seconds and well brushed. On a large scale, brushes of brass wire 
attached to a lath are used for this purpose ; but a hard hair brush with 
a little fine sand will do for small work. This brushing is used in case 
any particle of foreign matter may be stOl on the surface. It is then 
replaced in the solution, and allowed to remain till it receives the 
proper coating ; in the course of a few hours a coating of the thickness 
of tissue-paper is deposited on it, having a beautiful matted appearance 
of dead silver. If it is desired to preserve the surface in this condition, 
the article must be taken out, care being taken not to touch it by the hand^ 
and immersed in boiling distilled water for a few minutes. On beings 
withdrawn, sufficient heat has been imparted to the metal to cause it to 
dry instantly. If it is a medal, it ought to be put in an air-tight frame 
immediately, or if a figure, i^ may be at once placed under a glass shade, 
as a very few days' exposure to the air tarnishes it, by the formation of 
sulphide of silver, and that more especially in a room where there is fire 
or gas. If the article is not wanted to have a dead surface, it is brushed 
with a wire brush and old ale, beer, or water containing in solution a 
little gum, glue, or sugar ; but the amateur may use a hard hair brush. 
It may be afterwards burnished, according to the usual method of 
burnishing, by rubbing the surface with considerable pressure with 
ordinary burnishing tools of polished steel, or the mineral termed 
bloodstone, — ^brown oxide of iron. 

We may remark, that in depositing silver from the solution a weak 
battery may be used ; though when the battery is weak the silver 
deposited is soft, but if used as strong as the solution will allow without- 
escape of gas, say eight or nine pairs, the silver will be equal in hardness ta 
rolled or hammered silver. If the battery is stronger than the solution 
will stand, or the article very smaU compared to the size of the plate of 
silver forming the positive electrode, the silver will be deposited as & 
powder. The average cost of depositing silver in this way, using three 
pairs of zinc and copper, is 2d. per ounce. Gas should never be seen 



PRACTICAL INSTRUCTIONS IN PLATING. 141 

escaping from either pole ; and the surface of the article should always 
correspond as nearly as possible with that of the positive electrode, 
otherwise the deposit runs the risk of not being good ; it requires more 
care, and the solution is apt to be altered in strength, because if the 
positiye electrode be large compared with the negative, the solution 
will become stronger in silver, while if smaller in proportion, the solu- 
tion will become exhausted of silver. 

In plating large articles, especially old articles being replated, as well 
as new articles with large surface, it is not always sufficient to dip them 
in nitric acid; wash and immerse them in the solution, in order to effect 
a perfect adhesion of the two metals, there being a tendency, in the 
time required, to slight oxidation. To secure perfect adhesion, a 
fimall portion of quicksilver is dissolved in nitric acid, and a little of 
this solution is added to water, in sufficient quantity to enable it to give 
a white silvery tint to a piece of copper when dipped into it: the article 
then, whether made of copper, brass, or German silver, is, after being 
dipped in the nitric acid and washed, dipped into the nitrate of mercury 
solution till the surface is white : it is then well washed by plunging it 
into two separate vessels containing clean water, and finally put into 
the plating solution. One ounce of quicksilver thus dissolved will do 
for a long time, though the liquor is used every day. When the 
mercury in this solution is exhausted, it is liable to turn the article 
black upon being dipped into it. This must be avoided, as it causes the 
deposited metal to strip off; the only remedy is a new solution of 
mercury. 

Practical Instructions in Plating.— We need hardly add that it is 
necessary the battery should be so arranged^ that the quantity of 
electricity generated should correspond with the surface of the articles 
to be coated, and that the intensity should be regulated according to the 
state of the solutions ; that is to say, that the quantity should be suffi- 
cient to give the required coating of metal in a given time, and the 
intensity such as to cause the electricity to pass easily through the 
solution to the articles. It is also essential for regular working, as 
stated above, that the plates of metal forming the positive pole in the 
solution should be of corresponding surface to the articles to be coated, 
and should face them on both sides. 

The following is the arrangements which were for a long time adopted 
in some of the large plating manufactories : — ^The vat, or plating vessel, 
measured about 6^ feet in length, by 33 inches in breadth, and 33 inches 
in depth, and generally contained from 200 to 250 gallons of solution ; 
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the silver plates, eerviug as electrodes, were nailed upon frames of 
■wood, but are now generally fixed upon liglit iron frames, these not 
beiog affected bj the solution ; two batteiy trooghs were arranged, as 
seen in Fig. 42, consisting of six batteries of three pairs intensity. The 
zinc plates immersed in the acid measured 6 inches bj 7 inches, the 
exposed surfaces of which measured 8i square inches : these multiplied 
by 6 give 504 square inches, from which electricity was disengaged. 
The surface of the silver electrodes exposed and opposed to the articles 
receiving the deposit varied from 3000 to 4000 square inches of surface, 
which was generally in excess of the surface of the articles being plated, 
and consequently the solution had the tendency to become stronger in 

The following figure, with explanations, will illustrate these observa- 



Fig. 42. 
A, vat or vessel cont^ning the solution; B, batteries with zinc, tho' 
poles, zz, connected with rods, IIR; and the copper poles, CC, connected 
with the metallic sheets, fp, in the solution, by means of the copper 
slip, ff; dd, are articles suspended in the solution by wires from tite 
rods, KB; s, the solution. So soon as the articles wtiich are connected 
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with the negative pole of the battery, and the metallic sheets connected 
with the positive pole, are both immersed in the solution, the galvanic 
circuit is completed. 

In most plating establishments the batteries are now placed outside 
the house, and the connecting rods are brought from them into the 
vats, so as to preserve the workmen from the injury arising from inhal- 
ing the hydrogen gas which is given off by the zincs, as it often con- 
tains arsenic, and hence is highly injurious to health ; the gas of the 
battery has a strong effect upon the nostril, exciting dryness with pain. 
Wherever the batteries are placed, they should not be exposed to cold, 
as their operation is much affected by the temperature. 

In the early days of electro -plating the batteries used were round. 
They consisted of a copper cylindrical vessel, about 20 inches deep, and 
5 inches diameter, filled with dilute sulphuric acid. A piece of wood 
was placed at the bottom of this vessel, and a cylinder of zinc, the same 
depth as the copper vessel, and about 3 inches diameter, was. placed 
inside the copper vessel. A wooden ring, floating on the surface of 
the acid, prevented the zinc and copper touching — a binding screw was 
attached to each, and formed a battery of a single pair. Six batteries 
of this size were connected with such a vat as is described above. The 
test of strength employed to determine whether the working power waa 
sufficient was that, when connected with an electro -magnet, it should 
support a 7 lb. weight. We believe that many platers and gilders still 
use such batteries, and that when the solutions and apparatus are all in 
good condition they do well. They are, however, far from being so 
economical as the battery with square plates shewn above. Most 
electro-metallurgists now use large and deep stoneware vessels, in 
which are placed the zinc and copper — ^the plates having several square 
feet of surface ; four pairs of such arranged for intensity is common. 
We have already shewn, when treating of batteries, that very large 
plates are not consistent with economy. 

To ascertain the amount of metal deposited, it is necessary to weigh 
the articles carefully before and after plating. But between the first 
weighing and the immersion of the articles in the plating solution 
there is the dipping into nitric acid to be accounted for : this on an 
average will cause a loss of about 1 pennyweight upon an article of the 
size of a foot square ; thus, if a waiter of a foot square, made of copper or 
Grerman silver, shews, when coated, a difference in weight of 19 penny- 
weights, the silver laid on must be estimated at an ounce, or 20 penny- 
weights. When the article is a "replate" — i.e., an old plated article 
that has become bare of silver in parts — ^the allowance or reduction for 
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the dipping in the acid is only to inclade the portions left bare, for the 
silvered parts are not acted upon by it. One of the practical difficulties 
which the inexperienced will occasionally meet with when a " replate " 
is dipped in the nitric acid is, that a galvanic action is produced between 
the diver and the copper portions, which causes a black line round the 
edge of the silver: this ought immediately to be rubbed off, but even 
with rapid and careful rubbing there is great risk that the coating will 
loosen and blister at those parts ; and besides this, it happens that the 
parts of the ^< replate'* which are sound, the silver not being acted upon 
by the acid, but rather protected by the galvanic action, are not in a fit 
«tate to receive and maintain a perfect adhesion of the deposit, and 
therefore the risk is great that the new coating will separate from the 
•old, or, in technical language, that the part will strip. Under these 
<circumstances, experience has taught that the best way to proceed is to 
take all the old silver off the article, and deposit an entirely new 
coating. 

There are two methods of taking off the silver: — 

Taking Silver from Copper, &c. — ^First, stripping or dissolving it 
off : this is done by putting into a stoneware or copper pan some strong 
49ulphuric acid (vitriol), to which a little nitrate of potash is added : the 
article is laid into this solution, which will dissolve the silver without 
materially affecting the copper; saltpetre is added by degrees, as 
occasion requires ; and if the action is slow a littie heat is applied to 
the vessel. The silver being removed, the article is washed well, and 
then passed through the potash solution, and finished for plating. 
When the sulphuric acid becomes saturated with silver it is diluted, 
•and the silver is precipitated by a solution of common salt: the chloride 
of silver formed is collected and fused in a crucible with carbonate of 
potash, when the silver is obtained in a metallic state, as a knob or 
Ijutton (see page 138). The crucible should not be over two-thirds 
full, and should be kept in fusion till effervescence ceases, if tiie whole 
precipitate is used. The crucible is removed from the fire, and when 
cool it is broken. 

The article thus stripped by acids often shews a little roughness, not 
from the effects of the acid, but because the copper under the silver had 
not been polished. The silver and copper upon old plated goods have 
had their surfaces fused together, so that when the silver is dissolved 
off the copper surface is of necessity rough. It is therefore a necessaiy 
practice in the electro-plating factories to polish the articles before plat* 
ing. This is done by means of a circular hair-brush, more or less hard. 
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as required, fixed npon a lath, and B thin paste made of oil and pntnice- 
stoDe ground as fine as floor. B<f thU ptocess the surface of anj article 
can be sinootbened and polished ; but a little experience is required to 
eugure success, and enable the operator to polish the Bnrface equally 
without leaving brush marks. We need scarcely saj, that after this 
process tJie article must be cleaned in potash before it is plated. 

Second Method. — Instead of stripping off the silver by means of acid, 
it is a more common and preferable mode to brush oS the silver by the 
operation just described. In this case the brushings must be collected, 
dried, and burned ; this may be done in an iron pan, keeping it at a 
red heat until all carbonaceous matters are consumed ; the remainder is 
collected and fused with carbonate of soda or potash, when the silver is 
obtained, in combination with a little copper. The copper may be 
afterwards separated by cupellation, or by fusing the alloy in ^ crucible, 
ajid adding, when in fusion, nitrate of potash, which oxidises the copper 
and leaves the silver pure. Or dissplve the alloy in nitric acid, then 
precipitate the silver with common salt as a chloride, and the copper is 
left in solution ; collect the chloride on a filter, dry and fuse with car- 
bonate of soda as described (page 138), and the silver will be got pure. 

Cyanide of Silver and Potassium : 113 l>ECOMPoarnoN during the 
Platino Process. — The silver salt in the 
plating solution is a true double salt, 
being, as already described, a compound 
of one equivalent of cyanide of silver and 
one of cyanide of potassium, two distinct 
salts. In the decomposition of the silver 
solution by the electric cturent the former, 
cyanide of silver, is alone affected : the 
silver is deposited, and the cyanogen 
passes to the positive plate or electrode. 
The cyanide of potassium is therefore set 
at liberty upon the surface of the article 
which is receiving the silver deposition, 
and its solution being specifically lighter 
than the general mass of the plating 
solution, rises to the top : this causes a 
current to take place along the face of 
IJie article being plated. If the article has Pig- 43. 

a flat surface, suppose that of a waiter or tray, upon which a prominence 
exists, such as a mounting round the edge, say a gadroon pattern (see 
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Tig. 43), it will canse lines and ridges from the bottom to the top, as 
already described at page 92. Newly-formed solutions are most subject 
to produce this annoyance. 

Other Effects produced m WoRKiNa. — ^As the cyanogen, which i» 
transferred from the article, combines with the silver plate forming the 
positive electrode, the latter is dissolved by the free cyanide of potassium, 
which the solution must have to be in good working condition ; and, being^ 
specifically heavier, it sinks to the bottom, by which a current is excited 
downwards. This is of no greater annoyance than that it renders the 
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solution of unequal density, which in its torn yields an unequal depoidty 
more being deposited upon ihe lower parts of the article than on Hie 
upper. The silver plate or electrode is rapidly destroyed at the sui&oe 
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of the solution; if a part of the silver be above it, the plate gets cat 
through as if done by a rough-edged knife. In a new solution, -which 
contained 1 j- ounces of silver to the gallon, we have found, afler six hours, 
just before taking out the articles, that the top part of the solution con- 
tained 200 grains of silver less, and the bottom part 200 grains more per 
gallon, than when the articles were put into it. These difficulties and 
annoyances may, however, be nearly surmounted by keeping the articles 
in motion: agitating or stirring the solution occasionally would also 
obviate these annoyances ; but this is not advisable, for if the sediment 
(which always forms) were stirred up it would settle upon the face of the 
articles and make them rough. Where there is engine power it is an easy 
matter to keep the articles in motion ; but where tiiiis power is not avail- 
able, a very simple apparatus, invented by the late Mr. Alex. Mitchell, 
of Glasgow, may be fitted up at a trifling cost, to give tiie necessary 
motion by clockwork. The foregoing sketch exhibits this apparatus. 

MACHmE FOR Moving CtOOds while subjecting to the Electro- 
FLAUNG Process. — ^Fig. 44, side elevation, with front frame off; Fig. 45, 
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end elevation of that part of front frame where the fly is held ; Figs. 46 
and 47, the plating vat, with frame moving on inclined plane. 

The large wheel A, Fig. 45, is propelled by a weight sui^ended from 
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the roof by a cord, which winds round its barrel, the same as common 
clockwork. The circumference is studded with small pins, which catch 
the arm B, moving it in a downward direction, and consequently moving 
the arm c in a forward direction. The latter being attached to the 
frame by a small rod R, Figs. 45 and 47, moves it up the inclined plane 
E, Fig. 47, until the pin fixed in the wheel A passes the end of the arm 
B. The frame then moving down the incline E, brings B in gear with 
the next pin, and the same motion again takes place, and so on succes- 
sively. The speed is regulated by the train moving in an endless screw 
fitted on the last wheel of the arbour of a fan. The four holes in Fig. 
45 are for bolts or pillars for screwing the two frames together. The 
frame has four pulleys and inclines, the latter adjustable to a greater or 
less degree by the screw and groove at E. 

Many large establishments have machines for moving the articles 
in the solution, as it not only prevents the evils above referred to, but 
facilitates the deposit ; where there was no machine we have seen a 
boy employed for keeping the articles in motion. 

Deposit dissolving off in Solution. — ^In depositing any metal, but 
more particularly such as require solutions having an excess of the 
solvent, like cyanide of potassium in the depositing of gold and 
silver, care should be taken that nothing stops the current of elec- 
tricity suddenly, while the article being deposited upon remains in the 
solution, otherwise the metal deposited will speedily dissolve off. This 
we have often experienced, and many others have no doubt done the 
same. Indeed, we have seen a beautiful. deposit going on, and have 
left the operation with great hope of excellent results, but on returning 
some time after have found the whole dissolved off. And often, when 
the process was apparently going on weU, and the articles had been 
in the solution the usual time to receive a fair coating of metal, upon 
taking them out and weighing them, there was hardly any perceptible 
difference from the original weight ; in short, there had been no ma- 
terial deposit. These phenomena will be found to occur when the 
solutions and the batteries are apparently in the best condition for 
working, and when the article upon which the deposit is going on, and 
the pole or plate of metal forming the positive electrode, are at a con- 
siderable distance from each other. But before explaining what we 
consider to be the cause of these annoyances, we will refer to another 
phenomenon connected with them, which is of great interest, so far as 
the principles we have been discussing are concerned, which is that only 
the solvent element in an electrolyte is transferred by the electric current. 
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Opposite Currents of ELECTRicnr from Vats. — ^K, under the cir- 
camstances referred to, and when the deposit has gone on for some 
time, the wires connecting the battery with the electrodes in the de- 
positing solution be disconnected, and a metallic connection be made 
between the articles lliat have received the deposit and the silver elec- 
trodes or plates, a current of electricity nearly as strong as that from 
the battery will pass through the connections, but in the opposite direc- 
tion from that which was obtained by the battery. Indeed, if articles 
and silver poles were connected with another vat or decomposing cell, 
they would form a battery to this second vat, and produce a deposit at 
first nearly equal to the original battery ; the current, however, would 
gradually weaken until it ceased. The cause of these actions and re- 
actions is this : the article being plated with silver, or other metal, in 
connection with the battery, exhausts the solution of silver around it, 
leaving it in free cyanide of potassium, while around the sheet of silver 
which is serving as the positive electrode the solution is, on the con- 
trary, becoming saturated with silver, so that we have all the conditions 
necessary to constitute a battery, having silver electrodes in two kinds 
of solution — ^the one capable of dissolviog silver, the other not. The 
silvered articles become the positive metal in this battery, and the metal 
is speedily dissolved off, and thus the annoyances described above takes 
place. From these remarks the reader will perceive that even when the 
batteries are in connection, and the deposition going on from the moment 
the deposition of metal begins, there also arises an opposite current of 
electricity, tending to neutralise the effects of the battery, which current 
goes on increasing in quantity, neutralising the other. We have ex- 
perienced great disappointment before knowing the cause. When an 
extra thickness was required upon the articles, and we allowed them to 
remain in the solution, in connection with the battery, for a longer time, 
we found when re-weighed that they had got less than when kept in for 
the ordinary time ; indeed, it was a common experience that, towards 
the end of the operation, the batteries became very sluggish in their 
action. It is not merely the neutralising of the battery current, and 
the cessation of deposit, but the newly deposited silver being suspended 
in a solvent, it is liable to be dissolved off, so that in this case, as we 
have said, there may, at the termination of the ordinary period, be 
little* or no silver deposited on the articles intended to be plated. 
Motion in the silver or depositing solution will prevent all these annoy- 
ances; and this being now generally adopted, these phenomena are 
not now observed, but the effects take place less or more in every 
solution. 
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Test for the QUAKiirr of Fbee CTAinpE of Potassiuic in SoLumnis. 
-*It has been already mentioned tliat the cyanide of silyer, aa it forms 
upon the maUce of the silver plate, is dissolved by the cyanide of 
potassican : this renders it necessary to have always in the solution free 
cyanide of potasainm. Were we to nse the pure ctystalline salt of 
cyanide of potassinm and silver, dissolved in water, without any free 
cyanide of potassinm, we should not obtain a deposit beyond a momen- 
tary blush, as the silver plate or electrode would get an instantaneous 
coating of cyanide of silver, and this not being dissolved, the current 
would stop. The quantity of free cyanide of potassium required in the 
solution varies according to the amount of silver that is present, and 
the rapidity of the deposition. If there be too little of it, the deposit 
will go on slowly; if there be too much, the silver plato will be dis- 
solved in greater proportion than the quantity deposited, and the solu- 
tion will consequentiy get stronger. The proportion we have found 
best is about half by weight of free cyanide of potassiom to the quantity 
of silver in solution ; thus, if the solution contains two ounces of silver 
to the gallon, it should have one ounce of free cyanide of potassium per 

gallon. 'This is known by taking some nitrate of 
silver, ^ssolving it in distilled water, and placing it 
in a common alkalimeter, graduated into 100 parts, 
Fig. 49. The proportion of the nitrate of silvor in 
the solution is such that every two graduations of the 
solution should contain one grain. A given quantity 
of the plating solution is now taken — say one ounce 
by measmre, and the test solution of nitrate of silver 
is added to it by degrees, so long as the precipitate 
formed is re-dissolved; when tiiis ceases, the number 
of graduations is then noted, and the following 
equation gives the quantity of free cyanide. Eveiy 
175 nitrate of silver are equal to 130 cyanide of 
potassium in solution. Suppose 20 graduations 
were tak^i equal to 10 grains nitrate of silver, then 
175 : ISO : : 10 : 7*4 grains free cyanide of potassium. 
This, multiplied by 160, the number of fluid ounces 
per gallon, will make about 2^ ounces. We have 
taken 2 graduations to one grain of nitrate of sQver, 
that the solution may be considerably dilute and less 
liable to error. The following table is calculated at a half grain nitrate 
of silver to the graduation, and will be a guide to the student or work- 
man : the quantity of solution tested is one ounce by measure. 
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Knmberof 
IpradoatlonB lued. 

1 . 

2 . 
8 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 

11 . 

12 . 

13 . 

14 . 

15 . 



16 
17 
18 
19 
20 



Free «g«aide per galloa. 

01. dwCk gt. 

2 13 
5 3 

7 16 
10 6 

12 19 
15 9 

17 22 

13 
3 1 

5 12 
8 5 

10 19 
13 8 

15 22 

18 11 
2 12 

2 3 14 
2 6 2 

2 8 11 
2 11 



Another method nuty be adopted: if, for instance, we dissolve a 
small quantity of sulphate of copper, and add to it an excess of anmionia, 
there is produced a deep blue colour ; cyanide of potassium will destroy 
the blue colour in a fixed chemical proportion : to obtain this propor- 
tion, take 10 grains of pure cyanide of potassium and dissolve in water; 
iihen take a certain quantity, say 100 grains, of sulphate of copper, and 
convert it into ammoniuret, the whole measuring a given quantity, and 
pour from au alkalimeter this blue liquor into the cyanide of potassium 
till it ceases to destroy the colour, then mark the number of graduations 
required, and that amount of copper solution will represent 10 grains 
cyanide of potassium; a quantitative test will thus be got for the full 
<;yanide of potassium in the solution, and should be used as follows : — 
Say that the colour of 60 graduations of the blue solution was destroyed 
hy the 10 grains of cyanide of potassium, then to test the quantity of 
free cyanide of potassium in the plating solution, take 60 graduations of 
the blue liquor in any convenient vessel, and add to it from an alkali- 
meter the plating solution till the colour of the blue liquor is destroyed, 
then note the quantity which contains 10 grains free cyanide, from 
which the quantity in the whole solution may be calculated. 
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Analysing the Silver Solution. — ^In extracts from foreign journals, 
given in the Chemical Society^s Journal for last year, 1874, appears the 
following, taken from Dingl, PolyU: — 

<^ First. The total quantity of potassium existing as potassium cyanide, 
silver potassium cyanide, carbonate and cyanate of potash, is first 
determined by mixing 20 CC of the bath solution with 14 CC of 
acetic acid, of the strength of 20 per cent., evaporating and extracting 
the residue with absolute alcohol, evaporating the alcohol, and heating^ 
the residue with hydrochloric acid, and weighing the salt as KCl 
(chloride of potassium). 

*^ Second. The potassium in combination as cyanide of potassium and 
cyanide of silver is determined as chloride by precipitating the silver 
with ammonia sulphide from 20 CC of solution, and calculating the 
potassium chloride from the silver sulphide obtained. 

'^ Third. The potassium existing as carbonate is determined by adding^ 
calcium chloride, and weighing the calcium carbonate precipitate. 

"Fourth. Knowing that in the impure cyanide, if used in the manu- 
facture, there is for every 7 equivalents of cyanide of potassium 3 equi- 
valents of cyanate, the amount of cyanate in the bath may be calculated. 

"Lastly. Deducting from the total quantity of potassium chloride 
obtained in (first) the quantity of the same salt equivalent to the silver 
potassium cyanide, the potassium carbonate and potassium cyanate, as 
determined in (second, third, and fourth) the remainder, is the potaf^ium 
chloride equivalent to the cyanide of potassium which was present as 
such in the bath solution. The determination of this quantity of free 
cyanide of potassium is the whole object of the analysis, as upon it depends 
the capacity of the bath to take up fresh quantities of silver, and to be 
used for further electroplating operations.'' 

This is certainly a very tedious, roundabout, and uncertain way of get- 
ting at the free cyanide of potassium, and can only be performed by an 
experienced chemist If the electro-metallurgist wishes to ascertain the 
state of his solution, as to the different salts present, as near an approxi- 
mation can be got by the following simple process. We have already 
given the method for taking the quantity of free cyanide of potassium: — 
To know the quantity of silver, take one ounce of solution and evaporate 
to dryness, and fuse the dry mass in a small crucible. The silver will be 
got as a small ^riZ at bottom, and can be weighed ; or,. by adding to an 
ounce of the solution diluted hydrochloric acid in excess, which precipi- 
tates the silver as a chloride, collect the precipitate upon a weighed filter, 
wash it, and then dry at steam heat and weigh the whole, deduct the weight 
of the filter, and three-fourths of the weight of the precipitate is silver. 
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To one ounce of the solution diluted add nitrate of silver so long as 
a precipitate is given, then wash by filling up the vessel several times 
and pouring off the clear; then add to the precipitate nitric acid, diluted 
with half water, which dissolves all the silver not cyanide. This is 
decanted off, and a little muriatic acid added, and the silver obtained as 
a chloride to be filtered, washed, and dried as above. One-half of the 
weight of this precipitate approaches closely to the amount of cyanate 
of potash, or carbonate of potash, the difference in their equivalents not 
being great. By multiplying the results by 160, the quantity of each per 
gallon of solution is obtained. If there has been any chloride salt 
present in the solution, the chloride of silver formed will remain in the 
insoluble portion in the nitric acid. However, the electro-metallurgist 
seldom requires an analysis of his solutions, as the free cyanide of 
potassiiun, in relation to the silver present in the solution, is the principal 
matter requiring attention. 

Kate of Depositing Silver. — ^When articles are taken out of the 
solution they are swilled in cold water, and then put into boiling water: 
they are afterwards put into warm sawdust. Sawdust from boxwood is 
best, but that from mahogany or other wood, having no rosin in it, will 
do, which dries them perfectly. Their colour is chalk-white. They are 
generally weighed before being scratch-brushed ; that is, brushed with 
the fine wire-brushes and stale beer, as already described. Although 
this operation does not displace any of the silver, still in taking off the 
chalky appearance, there is a slight loss of weight; the appearance after 
scratching is that of bright metallic silver. Any thickness of silver may 
be deposited by continuing the operation a proper length of time and 
keeping batteries in order. One ounce and a quarter to one ounce and 
a half of silver, to the square foot of surface, will give an excellent plate, 
about the thickness of thin writing paper. 

Bright Deposit. — A little sulphide of carbon added to the plating 
solution prevents the chalky appearance, and gives the deposit the 
appearance of metallic silver; the reaction which takes place in this 
mixture is not yet understood. The best method of applying the 
sulphide of carbon is to put one or two ounces into a large bottle, then 
fill it with strong silver solution, having an excess of cyanide of 
potassium, and let it repose for several days, shaking it occasionally. 
A little of this silver solution is added, as required, to the plating 
solution, which will give to the articles plated the same bright appear- 
ance as if scratched. It is also found that the presence of sulphide of 
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«arbon improyes the working condition of the plating solution. We 
liaye already said that in the early history of the art, from want of 
practical knowledge, sometimes the metal deposited was rough and in 
little quantity, lead mounts not covered, and the deposit blistering, &c., 
in these circumstances the solution was blamed, and it was considered 
better to make a new solution than to waste time in trying to mend 
the old ; a solution working twelve months was considered very saitis- 
factory : the silver in old solutions was precipitated by muriatic acid 
.and recovered by fusion. We have tried sulphuric and nitric acids to 
neutralise the alkalies, and washing the precipitated cyanide, and re- 
dissolving it in cyanide of potassium, but we seldom got satisfactory 
Tesults. Such a practice as abandoning the old solution and making 
^p new ones is now very seldom required. With careful management, 
paying attention to the quantity of silver deposited, and the quantity 
<lissolved from the electrodes, and the addition now and then, when 
the action gets sluggish, of a littie cyanide of potassium, and occa- 
sional stirring; a solution improves by working. We know of silver 
solutions that have been wrought daily upwards of ten years, and are 
fitill in excellent condition. 

Different Metals for Plating. — Silver may be deposited upon any 
metal, but not upon all with equal adhesion. Copper, brass, and 
-German silver are the best metals to use for plating upon ; iron, zinc, 
tin, pewter, and Britannia metal are much less suited for plating; lead 
is not a good metal to plate — ^from its softness it easily yields to the 
pressure of the burnisher : nevertheless, all these metals and alloys may 
be and are plated, but cannot give the satisfaction which brass, copper, 
•or German silver afford. In plating upon aUoys having tin in them, 
43uch as Britannia metal, they must not be dipped into nitric acid 
previous to plating; but into a hot and strong solution of caustic 
potash or soda for five minutes, and put directiy into the plating sobi- 
tion, which should have an excess of cyanide of potassium, and the 
battery should be as strong as the liquor will admit of without gas 
being evolved, until covered, when the silver may be thickened by an 
ordinary solution and battery. 

Iron is not plated with silver direct with the battery. When plating 
iron, it is prepared as stated at page 119, and a blush of copper is 
deposited upon it in the cyanide of copper solution, and it is removed 
directiy from that to the silver bath, so that the silver is deposited 
upon the copper surface. Zinc may be plated in the same way, but 
that metal is never used alone as a basis for silver-plating. 
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Electricitt ceiven OFF FROM Sakdt Deposhb.— We may mention here 
what we hare often e]q>eiienced, that when depositing silYer npon a 
large surface, and the solution in relation to the battery beiug in the 
condition to give the sandy deposit, or rather when the deposit has 
gone on for a long time and the solution not been agitated, so that it 
has become very much exhausted of silver round the article, the deposit 
occurs as an impalpable powder like flour : sometimes the grains were a 
little coarser. The practice in such cases was to lift the articles from 
the solution and place them in boUing water, and after steeping there 
«ome time, to take them out and place them on the sawdust, when the 
heat of the metal soon caused them to dry. The powder adheres to 
the surface, which looks like as if thickly dusted oyer with flour. We 
have repeatedly observed when such a deposit was on a large surface, 
such as a tray or waiter, that when the hand was drawn suddenly over 
the surface the same effect was produced as when the hand is drawn 
over an electrified handkerchief or sheet of paper, accompanied with 
a crackling noise and pricking sensation ; but never having chanced to 
be in the dark at the time, no light was visible from the surface rubbed. 
Although these are the conditions under which the observations were 
made, the phenomena were not produced every time these conditions 
were found. It is probably caused by the fact that this kind of deposit, 
which is of a chalky appearance, is a bad conductor of electricity ; and 
as the boiling water was often very impure, holding salts in solution, 
the rapid evaporation of the water from the surface of this sort of de- 
posit might leave it excited for a short time, and the hand being drawn 
across at the time of excitation electricity was liberated. When this 
powder is placed under a microscope it is seen to be composed of an 
SLggregBkHon of crystals of metallic silver of a matted appearance and 
^eat beauty. When the solution and batteries get into the conditions 
stated, and the articles being small, these crystals grow upon one an- 
other. We have got, for example, upon the point of a fork, a tuft of 
these crystals, fully an inch in diameter, growing out like mould upon 
flour, forming a sort of fungus upon the point of the fork ; but when 
tak&D. out of the solution the fibres collapsed, and had a spongy ap- 
peazance. Dr. De la Rue, who examined some of this deposit magnified 
200 times its natural size, says, "It is a most splendid arborescent 
assemblage of crystals, and presents us with an extreme case of crystal- 
lisation in electro-metallic deposits; " we give a figure of the appearance, 
as seen by us, also magnified about 200 times (see Fig. 49). When this 
kind of crystallisation begins they are formed rapidly. We have had 
similar formations in depositing tin from chloride. 
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We hare, however, obtained groups of ctyBtals in nmes of the same 
appearance, where Hie cryBfab were large and visible, each group 
weighing several pennyweights ; but deposited metals are all leas or 
more crystallioe, according to circumstoucefl. Motion of the articles. 



when battery and solution are in proper order, prevents tlie CT2retalline 
deposit. Upon ttio crystalline stmcture of deposited metals, see an 
article by Dr. Warren de la Rue in L. and E. Phil. Mag., 1846, 

The Old Method of Platino.— Many objections were urged by 
interested and other parties against the application of electro -depoutjon 
to tlte purposes of plating, as a branch of mannfacture, either as a com- 
petitor or substitute for the old method, technically called Sheffield plate 
— so called because Sheffield was a principal seat of that manufacture. 
To enable our readers to form a proper estimate of the objections 
urged, by enabling them to judge of the relative importance and value 
of the two processes, we shall add a brief description of the old method. 

As ingot of copper being cast, was filed square and smooth, and a 
piece of silver was placed upon it, the two surfaces being perfectly clean : 
a little powdered borax having been introduced between the two metals, 
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they were bound together with iron wire, and then heated in a furnace 
nearly to the melting point ; the small quantity of borax increased the 
fusibility of the two metals at their surface, and thus they were fused 
together. When fusion was effected the metals were subjected to the 
dilating process of heavy rollers, the dimensions in length and width 
being regulated according to the articles to be made. This sheet 
formed the base or foundation of every article, of whatever shape or 
form, and however it was to be ornamented when finished. 

To produce ornaments, leaf silver was stamped in iron dies represent- 
ing the ornaments required, which, when removed from the dies, were 
fiUed with an alloy of lead and tin. These were then soldered upon 
the flat or shaped plain surface with soft solder, which melts at a very 
low temperature : thus were produced the silver edges or mounts. 

The quality of the ornament depended entirely upon the price of the 
article; but whatever the quality, all ornaments in the old mode of 
plating were so made, the only difference being the thickness of the 
silver leaf used. Ornamental feet, handles, knobs, &c., were made in 
the same manner, being struck up in two parts, fiUed with lead and tin, 
soldered together with soft solder, and afterwards soldered to the main 
body. Articles (such as table candlesticks) which would be too heavy 
if filled with lead, were filled with rosin, pitch, or any other similar 
substance, for the purpose of preventing the article being flattened by 
pressure. Hence it is evident that no solid article could be made by the 
old mode of plating, the only way of producing articles being to work 
tbem up by the hammer, or to strike them in dies from a fiat surface ; 
and being restricted to the use of soft solder, on account of the plated 
metal and the shells of silver, forming the edges, not supporting the 
required heat to melt silver solder, it is equally evident that the joinings 
so constructed would be easily removed either by force or heat. 

The nearest approach to solid articles made by the old method of 
plating were forks and spoons : these were generally made of iron, thin 
silver being soldered upon the surface, which was afterwards dressed 
amooth and polished. 

The heat used in this operation was merely that of an ordinary sol- 
dering iron; because, were a greater heat applied, the silver would form 
an alloy with the tin and lead of the solder and melt : the same heat 
that cemented the metals in the first instance would be sufficient to 
disunite them ; and thus when these forks were exposed in hot gravy, 
the solder was liable to become soft, and the silver covering, yielding 
readily to the knife, to peel up or become abraded, in consequence of 
the soft intervening metal. 
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ADVAin^AGES OF Electro-plating. — ^The adyantages offered to the 
plater by the electro-process are many, arising from the fact of the 
articles being plated after^ instead of "before being manufactured. This 
at once entirely removed all those restrictions on taste and design under 
irhich the plater was forced, by the nature of his process, to labour. 

The following may be considered some of the principal differences 
between the two processes of plating, — the old method and the dectro- 
process : — 

1. The electro-plater is not limited in the use of the metal upon 
which he plates. There is generally used, as the bases of all electro- 
plated goods, a hard white metal, which possesses the ring and ap- 
proaches very nearly to the colour of silver. 

2. The electro-plater is not restricted to the use of soft solder, which 
melts at a very low temperature, and forms a very insufficient joint, besides 
preventing any sound or ring in the article so soldered. Where cheap 
goods are required, soft solder may be used in this process as well as in the 
old, they are always open to the same objection. All goods of superior 
quality made for the electro-process, are soldered with what is termed 
in the trade hird silver solder, composed of two parts of silver and one 
part of brass melted together, which is not affected by any ordinaiy 
degree of heat, and presents a joint as strong as the metal itself. 

The common solder of braziers may also be used with advantage : it 
is very hard and durable, and requires a strong heat to melt it. 

3. The electro-plater in producing ornamental articles is not obliged 
to incur the expense of cutting iron dies for every minute portion ; 
being under no restriction, he models his pattern, and by casting and 
chasing in soKd metal, produces an exact copy, which is afterwards 
plated or gilt. 

Thus any pattern which can be executed in silver may be readily 
made in plate by this method. 

4. The junction of the plating with the metal below by the electro- 
process is perfect, wilhout the presence of any intervening substance : 
the forks and spoons thus made are not open to the objection of the old 
process, and are found to answer all ike purposes of sQver in soimd, 
appearance, and wear: they are generally tested, previously to polishing, 
by exposure in a furnace to a red heat. 

5. From the facility with which old goods may be now restored, these 
goods bear an intrinsic value ; whereas before the introduction of the 
electro-process, a plated article worn through in any part was valueless. 
However, it is proper to state that electro-plated goods are not neces- 
sarily first class; inferior manufactured articles may be, and are electro- 
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plated, as well as the best, and the amount of silver deposited may be 
very thin. There are a large quantity of goods made of Britannia metal, 
and coated with only a few pennyweights of silver per squaro foot, 
which in appearance are equal to the best plated articles, but are really 
not suited for general use. We have seen a whole tea set, silver plated, 
sold for 30s., which in appearance vied with sets five times the price, and 
when used only two or three times in the year, would last with ordinary 
care a lifetime, and be the pride of the good housewife not only to 
keep in order, but to have everything in keeping, and so raise th& 
taste of the whole family. We have never seen a silvered tea set pro- 
duced in a working-man's house, but we have found everything else 
about the family indicative of taste and comfort 

Objections to Electro-plating. — Several objections to the electro- 
process were long and keenly urged, but which may all be reduced to 
the following : — 

1. Deposited metal is crystalline, and therefore, though it may give 
in appearance a silver coating, it must necessarily be full of minute in- 
terstices between the crystals : hence when a metal, such as copper, is 
plated, it is liable to be acted upon by the atmosphere, or injured by 
whatever is brought into contact with it. 

This objection was not without foundation, as all deposited metals 
are crystalline in texture, but they do not necessarily leave interstices : 
the objection, however, is ahnost entirely removed by keeping the 
articles in motion during the deposition: by motion and proper arrange- 
ment of battery we have deposited silver of as high specific gravity as 
hammered silver, which could not be the case if it were porous. 

2, As only pure silver is deposited, it must necessarily be soft, and 
consequently liable to abrasion and more rapid wear. 

This objection is also partly true. Only pure silver can be deposited; 
but it is not necessarily soft : the quality of the deposit in this respect 
depends (as already noticed) a great deal upon the nature of the solu- 
tion and the batteiy power. Intensity of battery gives hardness to the 
metal deposited. There is no complaint more common amongst the 
burnishers of electro-plated articles, than that the metal is hard ; and it 
is far from being an imcommon occurrence, that some goods have to be 
beated so that they may be more easily burnished or polished. How 
far this annealing may a£Pect the wear of the goods is not yet ascer- 
tamed. That the silver is pure we think an advantage, hence the 
superior colour which electro -plated goods possess : besides which, pur- 
chasers are not subject to the risk of having plate much alloyed. How-* 
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ever the goods are more easily tarnished by exposure, and require 
greater care and labour in keeping them clean. 

3. The mounts or prominences of articles, which must have the 
greatest wear, have the least and thinnest deposit. 

This o)}jection is entirely without foundation, as the prominences have 
always the greatest portion of deposit, and the hollow parts the least. 

A Successful Objection. — At the commencement of the art, different 
manufacturers looked about to see how far it might be suitable for cer- 
tain processes, such as for coating boilers for working stearine^ &c. ; 
and among other applications was the coating with silver the inside of 
copper saucepans instead of tinning. We remember in a large plat- 
ing establishment that suitable apparatus were fitted up, and several 
sets of saucepans were plated, giving them what was considered 
a good thick plating; and when finished they looked like some- 
thing that would take the market, and the most sanguine hopes were 
entertained of a large trade. Several pans were bought and reported 
upon favourably. At length a whole set was purchased for a certain 
club in the city, and after a few weeks the head officer of the kitchen, 
or some such official, called at the warehouse and, after introducing 
himself, spoke highly of the new saucepans, and promised to give them 
a fair chance, for which he received thanks and notMn^ more. 

About a month after, the firm were startled by a letter in the TimeSj 
signed Robert Warrington, Chemist to the Apothecaries* Hall Company, 
warning the public against the use of copper saucepans silvered by the 
electro-process, he having had sent him for examination some pickles 
made in a pan so plated, that contained a large quantity of copper in solu- 
tion. Application was at once made to Mr. Warrington to find whence 
the pickles had been obtained, and it was found that they had been 
sent from the club referred to. Investigation led to the discovery that 
the pan in which the pickles were made had been scoured by something 
that cut through the silver coating, exposing the copper ; and that the 
pickles had been allowed to stand in this pan for several days, and then 
sent for testing. Five saucepans of the same size as the one complained 
of were coated respectively with 5 pennyweights, 10 pennyweights, 15 
pennyweights, 20 pennyweights, and 25 pennyweights of silver : the one 
complained of had 20 pennyweights. These were sent to Mr. Warring- 
ton to test in any way he might consider proper for the safety of the 
public using them. The answer was that the 5 and 10 pennyweights 
coatings did not stand all the tests he had put them to ; but the others 
had stood every test which he considered they would likely be put to in 
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use, and also to tests more trying than they would likely be subjected 
to. This report was published in the Times and other newspapers o^ 
the day, but without effect. There were no more sold, and they had to 
dissolve the silver off those plated, and have them tinned; and the 
opinion was that had this testing by Mr. Warrington preceded any sale, 
and bad two sovereigns been given to the club official when he called 
and reported in their favour, it might have saved to the electro -metal- 
lurgist a large trade. 

Solid Silver Articles made by the Battery. — Silver may be de- 
posited from its cyanide solution upon wax moulds polished with black- 
lead, almost as easily as copper; but for this purpose it is better to 
have the solution much stronger in silver than for plating. We have 
found that 8 ounces of silver to the gallon of solution make a very good 
strength. Nevertheless, no articles are made in silver by depositing 
upon wax in this manner. Strong solutions of cyanide of potassium 
:and silver act upon wax, and would soon destroy a mould. The 
method of m£^ng articles in solid silver by the electro-process has 
been already explained (page 69), namely, a copper mould is made by 
the electrotype, and the silver is deposited within this mould to the 
proper tiiickness; after which it is kept in a hot solution of crocus 
mineral and muriatic acid, or boiled in dilute hydrochloric acid, which 
<lissolves the copper without injuring the silver. 

The method which we esteem as best for dissolving off the copper is 
this: — An iron solution is first made by dissolving a quantity of 
copperas in water, heat this till it begins to boil: a little nitric acid is 
then added — nitrates of potash or soda will do just as well ; the iron, 
-which is thus peroxidised, may be precipitated either by ammonia or 
carbonate of soda; the precipitate being washed, muriatic acid is added 
till the oxide of iron is dissolved. This forms the solution for dissolving 
the copper. When the solution becomes almost colourless, and has 
ceased to act on the copper, the article is removed, and the addition of 
A littie anmionia will precipitate tiie iron along with a portion of the 
copper; but after a short timers exposure the copper is redissolved; 
the remaining precipitate is washed by decantation ; a little ammonia 
ishould be put into the two first waters used for washing. When 
washed, and the copper dissolved out, the precipitate is redissolved in 
bydrochloric acid, and the silver article returned untQ the copper is all 
dissolved off. It is convenient to have two solutions of perchloride of 
iron, so that while the iron in the one is being precipitated, the article is 
put into the other. The persalt of iron will be found to dissolve the 

L 
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copper more rapidly than muriatic acid alone : persulphate of iron mus.t 
not be used, as it dissolves the silver along with the copper. The silver 
article is now cleaned in the usual way (page 139), and heated to red- 
ness over a clear charcoal fire, which gives it the appearance of dead 
silver, in which state it may be kept, or, if desired, it may be scratched 
and burnished. It will be observed that when ammonia is added to the 
solution of copper and iron, both these metals are precipitated together 
as a brown precipitate. After a little exposure, the copper redissolves, 
and the iron is at the same time peroxidised, having been previously- 
reduced to the protoxide by the copper dissolving. As will be manifest 
by the following diagram, perchloride of iron is composed of 6 equivalents 
of chlorine, equal to 213, and 2 of iron, equal to 112. Copper is 64. 

/ 2 chlorine- -^ protochloride of iron. 

6 chlorine < 2 chlorine ^ ^ protochloride of iron. 

( 2 chlorine^ 
J 1 iron.... 
\ 1 iron...., 
2 copper..- ^^ subchloride of copper. 



2 iron 




From this the reader will observe that 325 parts of perchloride of iron 
dissolve 128 parts of copper. When the persulphate of iron is used 
for dissolving copper, and ammonia is then added to the solution, the 
same results take place — ^the precipitation of both copper and iron. 
But the copper dissolves more quickly in the ammonia. However, with 
free ammonia, either with the chloride or sulphate, the oxidation of the 
metals is slower than with water alone. If it be desirable to recover 
the copper that has been dissolved, retain the ammoniacal solutions c^ 
copper, and neutralise by sulphuric or muriatic acids ; then add metallic 
iron or zinc, and the copper is precipitated upon the iron or zinc in 
a metallic state, which may be collected and washed, and by fusion in 
a crucible along with a little borax, the metal is obtained pure. 

Copper moulds intended for receiving a deposit must be protected on 
the back by some substance that will not take on the deposit or be 
affected by the solution. The substance generally used for this purpose 
is copal varnish ; pitch has been used, and serves the purpose well ia 
ordinary solutions; but when the solutions are very strong, as is used' 
for solid deposit, it is liable to be acted upon, and renders the solution 
very muddy; besides, it is very brittle, and if great care is not taken it 
is liable to crack and admit the solution. 

In the manufacture of solid silver articles, the electro-process has 
not yet been of extensive application : and in making duplicates of rare 
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objects of art and costly chased or engraved articles in silver, one 
prevailing objection remains, namely, they have no " ring," and seem, 
when laid suddenly upon a table, to be cracked or unsound, or 
like so much lead; this disadvantage is no doubt partly due to the 
crystalline character of the deposit, and partly to the pure character of 
the silver, in which state it has not a sound like standard or alloyed 
silver. That this latter cause is the principal one, appears from the 
fact that a piece of silver thus deposited is not much improved in sound 
by being heated and hammered, which would destroy all crystallisation. 
We may mention that the same objections are applicable to articles 
made in gold by the electro -deposit; nevertheless, for figures and 
ornaments, and copies of antique objects, such objections are of no 
consequence. We have seen antique objects copied in silver by the 
electro-process, where the above defect was never noticed, and it is 
only for such articles that the solid deposit is at all likely to be used. 
For figures and richly chased objects, the above objections are not 
applicable. 

Dead Silvering for Medals. — ^The perfect smoothness which a 
medal generally possesses on the surface renders it very difficult to 
obtain a coating of dead silver upon it, having the beautiful silky 
lustre which characterises that kind of work, except by giving it a 
very thick coating of silver, which takes away the sharpness of the 
impression. This dead appearance can be easily obtained by putting 
the medal, previous to silvering, in a solution of copper, and deposit- 
ing upon it, by means of a weak current, a mere blush of copper, 
wbich gives the face of the medal that beautiful crystalline richness 
that deposited copper is known to give. The medal is then washed 
from the copper solution, and immediately put into the silver solu- 
tion. A very slight coating of silver will suffice to give the dead 
frosty lustre so much admired. When large objects are required 
of a dead silver finish, it is obtained by having the solution in good 
working condition, and watching the deposit to take the article out 
of the solution at the proper time, before it gets the chalky appearance ; 
and even when this has taken place, by allowing the article to remain 
a few minutes in the solution, without being in contact with the battery, 
this chalkiness will disappear. Care has to be taken that it is washed 
out the solution in pure water; if not, the surface will be stained, 
neither should it be touched with the fingers. 

Oxidising Silver.— A very beautiful effect is produced upr 
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surface of fiiiver articles, technically termed oxidising, which gives 
the surface an aj^earance of polished steeL This can be easily effected 
by taking a little chloride of platinum, prepared as described at page 
146, heating the solution and applying it to the silver when an oxi- 
dised surface is required, and allowing the solution to dry upon the 
silver. The <^%irlgnftag -of the colour produced varies according to the 
strength of the platinum solution, from a light steel grey to nearly 
black. The ^ects of this process, when done along with what is 
termed dead work, is very pretty, and may be easily applied to medals, 
giving scope for the exercise of taste. Upon this we quote the fol- 
lowing: — 

<' The high appreciation in which ornaments in oxidised silver are 
now held render a notice of the process followed interesting. There 
are two distinct shades in use, one produced by chloride, which has 
a brownish tint, and the other by sulphur, which has a bluish-black 
tint. To produce the former, it is only necessary to wash the article 
with a solution of salammoniac; a much more beautiful tint may, 
however, be obtained by employing a solution composed of equal parts 
of sulphate of copper and salammoniac in vinegar. The fine black 
tint may be produced by a slightly warm solution of sulphide of 
potassium or sodium." — Chem, Tedm. Mittheilungen, vonDr.ElUner, 

Fbotechon of Silver Surface. — ^All silver or plated articles are 
subject to tanuah by e^qposure to the air, especially in this country, 
where coals oontaimng so much sulphur are used — ^the tamish being 
generally a sulphide of silver. Deposited silver is more easily tarnished 
than standard silver. 

Medals or figures silvered for the sake of their appearance ought 
to be protected from the air, or they very soon lose their silver colour ; 
a medal may be put into a frame air-tight, and a figure should be 
covered with a glass shade: if the silver has been left dead, any 
attempt to clean it destroys its appearance. YarniE^es have been 
tried to protect the silver from the atmosphere; but all varnishes, 
however colourless, detract from the silver lustre, and are not good. 
For ordinary purposes, medals may be very conveniently protected 
by laying & piece of common glass over the surface, cut to the exact 
size, and held close by a piece of paper pasted round the edges of 
both, and then a stout piece on the back. We have had edlver medals 
preserved by this means for more than twenty years. Little round 
medals may be conveniently covered by watch-glasses, fastened on in 
the same manner. 
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Cleaning of Silver. — ^A weak solution of cyanide of potassium, 
used as a wash over tarnished silver, will brighten it. This solution 
is sold in small bottles for this purpose, but it is not good, as it dissolves 
the silver rapidly, and is such a deadly poison that it must be used 
with great caution on articles that may be required for domestic 
purposes. 

A variety of cleaning pastes and powders are used for silver or 
plated goods. Thos6 containing mercury and oxide of lead should 
be avoided, for although they give a beautiful dark colour when newly 
put on, it soon blackens. The best paste we have found is a mixture 
of fine precipitated chalk, carbonate of magnesia, and oxide of iron. 
These materials are made into a paste, and rubbed upon the plate 
with soft leather: for wrought or chased surfaces a hard brush is 
best. The goods should be finished by polishing with leather and 
a little of this mixture in a dry state, which will give that fine dark 
mirror-looking colour so much admired. Common coarse whiting and 
flannel cloths should not be used, as they wear the silver rapidly. 



ELECTRO-GILDING. 



The operation of gilding, or covering other metals with a coating of 
gold, is performed in the same manner as the operation of plating, with 
the exception of a few practical modifications, which we shall now 
notice in detail: — 

Pbepabation of Solution of Gold.— The gold solution for gilding 
is prepared by dissolving gold in three parts of muriatic acid and one of 
nitric acid, which forms the chloride of gold. This is digested with 
calcined magnesia, and the gold is precipitated as an oxide ; the oxide 
is boiled in strong nitric acid, which dissolves any magnesia in union 
with it. The oxide being well washed, is dissolved in cyanide of 
potassium, which gives cyanide of gold and cyanide of potassium and 
potash, thus — 



Substances used. Substances produced. 

Oxide of gold = AuO. 

2 Cyanide of potassium = 2KCy. 



Cyanide of gold | _ KCy+AuCy 

and potassium ) 
Potash = KO 



AuO + 2KCy =f KO + (KCy + AuCy). 

By this method a proportion of potash is formed in the solution as 
an impurity ; it is not, however, detrimental to the process. In preparing 
the oxide of gold there is always a little of the gold lost, to recover 
which the washings should be kept, evaporated to dryness, and fused. 

Another and very simple method is this : — ^Make chloride of gold as 
described, and evaporate the solution to nearly dryness, which will 
drive off excess of acid there. Add a solution of cyanide of potassium 
to the chloride of gold, until all the precipitate first formed is redis- 
solved ; this gives chloride of potassium in the solution, which is not 
good. In the preparation of the solution by this means there are some 
interesting re-actions. As the chloride of gold has three equivalents 
of chlorine, the addition of cyanide of potassium causes violent 
effervescence, and no precipitate of gold takes place until all the chlorine 
is neutralised, which causes a considerable loss of the cyanide of 
potassium. There is always formed in this operation a quantity of 
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ammonia and carbonic acid, from the decomposition of the cyanate of 
potash ; and if the chloride of gold be recently prepared and hot, there 
is often formed some aurate of ammonia (fulminate of gold), which 
precipitates with the cyanide of gold. Were this precipitate collected 
and dried, it would explode when slightly heated. On previously dilut- 
ing the chloride of gold, or using it cold, this compound is not formed. 
After the chlorine is neutralised by the potash, further addition of 
the cyanide of potassium precipitates the gold as cyanide of gold, 
having a light yellow colour ; but as this is slightly soluble in ammonia 
and some of the alkaline salts, it is not advisable to wash the precipitate, 
lest there be a loss of gold : cyanide of potassium is generally added 
until the precipitate is redissolved; consequently all the impurities 
formed in these re-actions, namely, nitrate and carbonate of potash, 
with chloride of potassium and ammonia, are present in the solution. 
iN'otwithstanding, this solution works very well for a short time, and it 
is very good for operations on a small scale. 

Battery Process of Preparing Gold Solution. — The best method 
of preparing the gold solution is that described for silver (p. 135). 
Say the operator wishes to prepare a gallon of gold solution, he dis- 
solves four ounces of cyanide of potassium in one gallon of water, and 
heats the solution to 150^ Fah. ; he now takes a small porous cell, and 
fills it with this cyanide solution, and places it inside the gallon of 
solution. The two solutions should be on a level. Into this cell is put 
a small plate of iron or copper, and attached by a wire to the zinc of a 
battery. A piece of gold is placed into the large solution, facing the 
plate in the porous cell, and attached to the copper of the battery; the 
whole is allowed to remain in action until the gold, which is to be taken 
out from time to time and weighed, has lost the quantity required in 
solution. By this means a solution of any strength can be made, 
according to the time allowed. The solution in the porous cell, except 
the action has continued a long time, will have no gold, and may be 
thrown away. Half an hour will suffice for a small quantity of solu- 
tion ; of course, any quantity of solution may be made up by the same 
means. A solution made in this way is free from all impurities except 
that existing in the cyanide of potassium. For all the operations of 
gilding by the cyanide solution, it must be heated to at least 130^ Fah. 
The articles to be gilt are cleaned from oil or grease in the way described 
for silver, and dried, and then weighed : when gilt, they are weighed 
again : thus the quantity of gold deposited is ascertained. Any convenient 
means may be adopted for heating the solution. Where glass or stone- 
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ware vessels are used for holding the gilding solntion, these are placed 
in another vessel, made of tinplate or iron, of the same depth, and 
filled to "within an inch of the mouth with water, and placed upon a hot 
plate over a fire, or over gas burners, and the water heated to the boiling^ 
point. Some electro-metallurgists use enamelled iron pots for holding^ 
the gilding solution, which are heated directly, either with fire or gas. 
Such baths must have a wooden frame over the mouth, to prevent 
metallic contact with the rods suspending the articles being gilt. Great- 
care has to be taken to get a proper enamel upon the pots, as many 
enamek yield to the solution ; and when portions of the iron get bare 
in this way, the gold becomes reduced upon the iron, causing loss and 
annoyance. We prefer vessels of stoneware for the solution, and such 
vessels can be had, of ample size, for almost all articles requiring to h& 
gilt. The heat of the solution is of considerable importance, both as to- 
colour of the gold deposited and battery power. The hotter the solution 
the less battery power is required. Generally three or four pairs of 
plates are used for gilding, and the solution is kept at 130° to 150* 
Pah. ; but one pair will answer if the solution is heated to 200°. 

Process of Gilding. — ^The process of gilding is generally performed 
Upon silver articles. The method of proceeding is as follows: — ^When 
the articles aie cleaned, as described in our chapter on plating, they ar& 
weighed and well scratched with a wire brush, which cleanses away any 
tarnlBh from the surface, and prevents the formation of air-bubbles ; 
they are then kept in clean water until it is convenient to immerse them 
in the gold solution. One immersion is then given, which merely 
imparts a blush of gold ; they are taken out and again brushed, and put 
back into the solution, and kept there for three or four minutes, which 
wiU be sufficient if the solution and battery are in good condition; but^ 
the length of time necessarily depends on these two conditions, which 
must be studied and regulated by the operator. 

Iron, tin, and lead are very difficult to gild direct; they therefore 
generally have a thin coating of copper deposited upon them by the 
cyanide of copper solution, and immediately put from this into the 
gilding solution. 

Conditions eequibed in Gilding. — The gilding solution generally 
contains from one^half to an ounce of gold in the gallon ; but for 
covering small articles, such as medals, for tinging daguerreotypes, 
gilding rings, thimbles, &c., a weaker solution will do. The solution 
should be sufficient in quantity to entirely cover the articles at once, so 



MAINTAINING THE GOLD SOLUTION. 169 

that it Bhonld not have to be done bit by bit ; for when there is a part 
in the solution and a part out, there will generally be a line mark at the 
point touching the surface of the solution. The rapidity with which 
metals are acted upon at the surface line of the solution is remarkable. 
If the positive electrode is not wholly immersed in the solution, it will 
in a short time be cut through at the surface of the water, as if cut by 
a knife. This is also the case in silver, copper, and other cyanide 
solutions, as before referred to. 

Maintaining the Gold Solution. — ^As the gold solution evaporates 
by being kept hot, distilled water must from time to time be added : 
this water should always be added when the operation of gilding is 
over for the time, not when it is about to be commenced, or the solution 
will not give so satisfactory a result. Where the gilding operation i» 
continued successively for days, the water is added at night. The 
average cost of depositing gold is about 2d. per pennyweight. 

The means for testing the free cyanide of potassium present by nitrate 
of silver, as described for silver, is not applicable to the gold solution f 
but it may be tested by the ammoniuret of copper (see page 151). To 
obtain a deposit of a good colour, much depends upon the heat and 
state of the solution and battery; it is therefore necessary that strict 
attention be paid to these, and also to the weight of gold deposited, and 
the loss sustained by the positive electrode. This should be ascertained 
daily, as the gold solution is very liable to change if the relative surface 
of the article receiving the deposit is not according to that of the 
positive plate. 

The result of a series of experiments and observations continued 
daily throughout a period of nine months, shewed that in five instances- 
only the deposit was exactly equal to the quantity dissolved from the 
positive plate. In many cases the difference did not exceed 3 per cent.^ 
though occasionally it rose to 50 per cent. The average difference,, 
however, was 25 per cent. In some cases, double the quantity dis- 
solved was deposited, in others the reverse occurred — ^both resulting; 
from alterations made in the respective conditions ; for in these experi- 
ments we varied, as far as practicable, the state of the solution and the 
relative sizes of the negative and positive electrodes. 

The most simple method of keeping a constant register of the state 
of the solution is to weigh the gold electrode before putting it into the 
solution, and when taking it out, and compare the loss with the amount^ 
deposited; a little allowance, however, must be made for small portions 
of metal dissolved in the solution, from the articles that are gilt, which^ 
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when gilding is performed daily, is considerable in a year. A constant 
control can thus be exercised over the solution, to which there will 
have to be added, from time to time, a little cyanide of potassium, a 
simple test of requirement being that the gold pole should always come 
out clean : if it has a film or crust upon it, that is a certain indication 
that the solution is deficient of cyanide of potassium. Care must be 
taken to distinguish this crust, which is occasionally dark green or 
black, from a black appearance which the gold pole will take, when it is 
very small in comparison to the article beiag gilt, and which is caused 
by the tendehcy to evolve gas. In this case an addition of cyanide of 
potassium would increase the evil; the black appearance, from the 
tendency to the escape of gas, has a slimy feel and appearance. This 
generally takes place when the solution, is nearly exhausted of gold, of 
which fact this appearance, taken conjointly with the relative sizes of 
the electrodes, is a sure guide. 

Before these facts were patent to us, gold solutions were always going 
out of order, so that every few months a new solution had to be made : 
the old one being evaporated to dryness, and the residue fused in a 
crucible, and the gold recovered as a button at bottom of crucible ; but 
by experience and attention to the conditions stated above, the quality 
of the solution was kept in a condition suitable to the requirements of 
the work. Solutions are now kept in good condition for any length of 
time. We know solutions in daily use for upwards of ten years and 
still good. 

To REGULATE THE COLOUR OF THE GiLDING. — ^The gold UpOU the gilt 

article, on coming out of the solution, should be of a dark yellow 
colour, approaching to brown; this, when scratched, will yield a 
beautifully rich deep gold. If the colour is blackish it ought not to be 
finished, for it will never either brush or burnish a good colour. If the 
battery is too strong, and gas is given off from the article, the colour 
will be black ; if the solution is too cold, or the battery rather weak, 
the gold will be light coloured ; so that every variety of shade may be 
imparted. A very rich dead gild may be made by adding ammoniuret 
of gold to the solution just as the articles are beiag put in. 

If a bright clear yellow gilding is wanted that will require no scratch 
brushiug, add to the solution a small quantity of caustic soda. This is 
well suited for gilding filigree work, or tender articles that will not stand 
brushing ; indeed, filigree will never produce a satisfactory colour if it 
requires brushing; for gilding ordinary work, keep the gold solution 
strong, and the colour of the gilding when it comes out the solution will 
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be a rich orange, and scratch-brushing vill give that deep rich gold 
colour so much admired in gold plate. 

Colouring of Gilding. — ^A defective coloured gilding by the battery 
may, however, be improved by the same method as that adopted in the 
old process to colour gilding or gold, namely, by the help of the follow- 
ing mixture : — 

3 parts Nitrate of Potash. 

1^ Alum. 

1^ Sulphate of Zinc. 

IJ Common Salt. 

These ingredients are put into a small quantity of water, to form a 
sort of paste, which is put upon the articles to be coloured ; they are 
then placed upon an iron plate over a clear fire, so that they will 
attain nearly to a black heat, when they are suddenly plunged into 
cold water: this gives them a beautiful high colour. Different hues 
may be had by a variation in the mixture. 

To DISSOLVE Gold from old Gilt Articles. — Before regilding 
articles which are partly covered with gold, or when the gilding is 
imperfect, and the articles require regilding, the gold should be removed 
from them by putting them into pure strong nitric acid ; and when the 
articles have been placed in the acid, by adding some common salt, 
not in solution, but in crystals. By this method gold may be dis- 
solved from any metal, even from iron, without injuring it in the least. 
After coming out of the acid, the articles must be polished. The best 
method, however, where it can be adopted, is to brush off the gold as 
described for silver (page 145), which gives the polish at the same time. 

To Recover the Gold. — ^When the gold is dissolved off by the 
acid, and when it ceases to dissolve the gold rapidly, the acid should 
be diluted with several times its bulk of water, and then soda or potash 
added, till the greater portion of the acid is neutralised. Potash is best 
to use, for by a short timers evaporation and allowing the solution to 
cool, the greater portion of the potash is crystallised, and may be col- 
lected to use for dissolving silver from copper (page 144). The mother 
liquor containing the gold is now to be diluted with a large quantity of 
water. A solution of sulphate of iron (copperas) is then added to 
this so long as a precipitate is formed; when this settles down, it is 
carefully collected upon a paper filter, washed and dried, and then 
fused in a crucible with a little borax and common salt, and the gold 
is found as a button at the bottom of the crucible. 
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When gold is brushed off, the bmshiDgs are burned at a red heat, 
and the residue fused with carbonate of soda and a little borax; in 
this case the gold will not be pure, and will have to be refined, which 
is done by putting the gold into a crucible of some size, and bringing 
it into a state of fusion, and adding to the crucible from time to time 
small portions of nitrate of potash; that crystallised from the liquor 
will do, which oxidises all the inferior metals. When the fused metal 
is seen bright, without any apparent waviness passing over its surface, 
the crucible is removed from the fire, and the metal poured out ; but 
as this may cause a loss where the quantity is small, it is better to 
allow the crucible to cool, and break it, when the refined gold is got 
as a little baU. If silver is present, which will be if the gilding has 
been brushed off silver, this has to be separated from the gold by an 
after operation called parting. The gold has to be fused again along 
with two or three times its weight of silver, and the alloy hammered 
into a thin plate, and digested in pure nitric acid, which dissolves ou^ 
the silver, and leaves the gold as a skeleton, which is washed, and 
may be remelted, or used as it is. The silver is now recovered by 
precipitating it with common salt, as described at page 144. 

Objections to Electro-gildeng. — Objections have been made to 
the application of electro-gildiug to the arts, of the same kind as 
those urged against electro -plating; but the now almost universal 
adoption of this process by gilders, because of the perfection to which, 
the art is brought, forms the best answer we can give to such objec- 
tions. However, let tis take a hasty glance at the old process and 
its consequences, that we may be enabled to judge of the comparative 
merits of both methods. 

Before the introduction of electro -deposition there were several 
methods of gilding practised by the trade, the principal of which, 
was by making a thin amalgam of mercury and gold, and giving the 
surface of the metal to be gilt a thin wash with this, and then sub- 
mitting them to a strong heat; the mercury being gradually dissipated, 
the gold remained fixed upon the articles. This process was most 
pernicious, and destructive to human life ; the mercury, volatilised by 
the heat, insinuates itself into the bodies of the workmen, notwith- 
standing the greatest care ; and those who were so fortunate as to 
escape for a time absolute disease, were constantly liable to salivation 
from its effects. Paralysis was common among them, and the average 
of their lives was very short; it was estimated as not exceeding thirly- 
^Ye years. It is difficult to believe that men could be found to engage 
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in sach a business, reckless of the consequences so fearfully exhibited 
before them ; and it would naturally be thought tiiey would hail with 
pleasure the introduction of any process which would put a stop to 
such a dreadful sacrifice of human life. But it is yery difficult to 
overcome interest and prejudice, even when the object to be gained 
is of such vast importance. 

Preyidus to the electro-process, the Messrs. Elkington and others, 
to avoid the use of mercury as much as possible, had introduced 
processes of gilding without mercury, by dipping the articles into 
certain solutions of gold, by which the surface obtained a film of 
gold; but these processes did not suit all kinds of work, nor fulfil 
all the requirements of gilding. We believe that trinkets and jewellery 
are still gilt by a mere dip into a solution of gold, and then washed ; 
but on such there is scarcely an appreciable quantity of gold, stUl there 
is sufficient to give to the suiface the colour of the precious metaL 

Effects of Cyanogen on Health. — ^The effects produced upon the 
health of those who work constantly over cyanide solutions are not 
yet fully tested, in so far as it shortens life, by which we could form 
a comparison with the old process; for every new trade or operation 
gives rise to a new disease, or some new forms of an old disease. 
Having ourselves inhaled much of the fumes of that ^^ ominous" gas 
given off from the cyanide of potassium solution, we are not prepared 
to stand its advocate, but would rather warn all employed at the 
business, or who may in any degree have to do with these solutions, 
to be very careful not to use too much freedom. The hands of those 
engaged in gilding or plating, should the skin be broken, are subjected 
to ulceration, particularly if they have been immersed in the solution. 
The ulcers are not only annoying, but painful; and on their first 
appearance, if care is not properly taken to wash them in strong 
cyanide of potassium, and then in acid water, the operator will in a 
short time have to take a few days^ rest. We have repeatedly seen, 
by the aid of a magnifying glass, gold and silver reduced in these 
idcerations. We have also known of eruptions breaking out over 
the bodies of workmen after inhaling those deleterious fumes when 
they were very bad, as when solutions were precipitated by acids, or 
being evaporated to dryness, in a close apartment, for the recovery of 
the metaL Bepeatedly have the legs of workmen been thus afflicted, 
and always after they have been exposed to extra fumes. 

The following statement of the general effects of electro-plating and 
gilding on the health of those engaged in these operations, as experienced 
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by ourselves and others who were with us, may not be uninterestiDg 
to our readers ; but it is necessary to premise that the apartments in 
which we were employed were improperly ventilated. 

The gas has a heavy sickening smell, and gives to the mouth a saline 
taste, and scarcity of saliva ; the saliva secreted is frothy. The nose 
becomes dry and itchy, and small pimples are found within the nostrils, 
which are very painful (we have felt these effects in the nose from the 
hydrogen of the batteries where there were no cyanide solutions). 
Then follows a general languor of body, disinclination to take food, 
and a want of relish for food. After being in this state for some time, 
there follows a benumbing sensation in the head, with pains, not acute, 
shooting along the brow ; the head feels as a heavy mass, without any 
individuality in its operations. Then there is bleeding at the nose in 
the mornings when newly out of bed; after that comes giddiness, 
objects are seen flitting before the eyes, and momentary feelings as of 
the earth liftiag up, and then leaving the feet, so as to cause a stagger. 
This is accompanied with feelings of terror, gloomy apprehension, and 
irritability of temper. Then follows an occasional rushing of blood to 
the head ; the rush is felt behind the ears with a kind of hissing noise, 
causing severe pain and blindness: this passes off in a few seconds, 
leaving a giddiness, which lasts for several minutes. In our own case 
the rushing of blood was without pain, but attended with instant blind- 
ness, and then followed with giddiness. For months afterwards a 
dimness remained as if a mist intervened between us and the objects 
looked at: it was always wprse towards evening, when we grew very 
languid and inclined to sleep. We rose comparatively well in the 
morning, yet were restless, the stomach was acid, visage pale, features 
sharp, eyes sunk in the head, and the skin round them dark in colour : 
these effects were slowly developed. Our experience was nearly three 
years. 

We have been thus particular in detailing these effects as a warning 
to all employed in the process ; but we have no doubt that in lofty 
rooms, airy and well ventilated, these effects would not be felt. Em- 
ployers would do well to look to this matter; and amateurs, who only 
use a small solution in a tumbler, should not, as the custom sometimes 
is, keep it in their bedrooms ; the practice is decidedly dangerous. 

Practical Suggestions in Gilding. — ^According to the amount of 
gold deposited, so will be its durability : a few grains will serve to give 
a gold colour to a very large surface, but it wiU not last : this shews, 
however, that the process may be used for the most inferior quality ol 



UNEQUAL DECOMPOSITION AT ELECTRODE. 176 

gilding, and the fact that it is electro-gilt is no evidence as to quality. 
Gold thinly laid upon silver will be of a light colour, because of the 
property of gold to transmit light. The solution for gilding silver 
should be made very hot, say 200* Fah. ; but for copper it should be 
at its minimum heat, 180^ Fah. A mere blush may be sufficient for 
articles not subjected to wear ; but on watch-cases, pencil-cases, chains^ 
and the like, a good coating should be given. An ordinary sized watch- 
case should have from 20 grains to a pennyweight ; a mere colouring 
will be sufficient for the inside, but the outside should have a good 
coating. A watch-case thus gilt, for ordinary wear, will last five or six 
years without becoming bare. We have known some to be in use full 
six years without losing their covering. Small silver chains, such as 
those sold at eight shillings, should have 12 grains; pencil-cases, of 
ordinary size, should have from 3 to 5 grains ; a thimble from 1 to 2 
grains. These suggestions will serve as a guide to amateur gilders^ 
many of whom, having imparted only a colour to their pencil-cases, feel 
chagrin and disappointment upon seeing them speedily become bare : 
hence arises much of the obloquy thrown upon the process. Trinkets 
and jewellery, from being made of an alloy approaching gold in colour, 
have the merest blush of gold thrown over their surface. 

Unequal Decomposition at Electrode and Probable Cause. — 
There is a general law laid down by electricians that there can be no 
inequality of decomposition in any part of an electrolyte, and that the 
amount of any element liberated at one electrode is, and must be, the 
exact equivalent of that which will be liberated at the other elec- 
trode. This law is correct in principle and in practice with simple 
compounds, such as a neutral protosalt, say of copper or iron; but 
should there be any excess of the solvent element, although that element 
may not act upon the positive electrode per sc — such as if there be a little 
free sulphuric acid in a sulphate of copper solution, or in such solutions 
as the cyanides of gold and silver, in cyanide of potassium, as above 
described, and the batteries of weak intensity — ^there is always a ten- 
dency to unequal decomposition at the electrodes. And if the electro - 
metallurgist trusts the above law, without regard ^to the various circum- 
stances stated, his solutions will be constantly liable to go wrong. To 
trace out the probable cause of this inequality led to the following 
experiments : — 

1. A piece of zinc, measuring 2X2^ inches square, was amalgamated 
so that dilute sulphuric acid had no action upon it This was put into 
a mixture of 1 sulphuric acid to 24 water, and surrounded with copper 
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placed as close to the zinc as would allow a free current of solution and 
escape of gas between them, so that the action of the acid upon the zinc 
would be as little retarded as possible when connection with the copper 
took place. They were kept in connection for one hour, when the zinc 
had lost in weight 97 grains, which was taken as a standard for the 
experiments. 

2. The zinc and copper being again placed under the same circnm- 
stances, but an inch apart all round, and kept in connection by a strip 
of metal ; for one hour the loss of zinc was 56*5 grains. 

3. The copper and zinc were again put into the same position, and 
one inch apart ; but instead of being connected by a strip of copper, 
they were connected with two copper electrodes of the same size — ^viz., 
2^ X 2 inches, which were put into a solution of sulphate of copper one 
inch apart (see Fig. 5). After being an hour in action, the zinc plate 
had lost 10*7 grains, the copper depositecL was 9 grains. The question 
suggested by these results was, how many pairs of zinc and copper 
^.rranged for intensity would oyercome the resistance of the one inch 
of copper solution, so as to giye 56*7 grains in the hour. 

4. The following table shews the result : — 

One pair, zinc 
Two pairs. 
Four pairs. 
Six pairs. 
Nine pairs, 
Twelve pairs, „ 
Fifteen pairs, „ 

We see from these experiments that when the zinc and copper are 
placed under the best circumstances, the chemical action induced by 
the contact is 97 grains per hour; but one inch of the solution in 
iDattery retards chemical action by the contact to the extent of 40*3 
;grains in 97, or 42 per cent. ; and the addition of one inch of a solu- 
tion of sulphate of copper retards the induced action 86*3 grains in 97, 
or 89 per cent. We have, therefore, been led to the conclusion that in 
the case of a weak battery power, that is, when the intensity is not 
sufficient to overcome all the resistance, so as to allow the full amount 
of induced chemical action to proceed, the positive electrode, where the 
resistance takes place, is in a certain state of electrical excitement OYcar 
the negative electrode, inducing it to combine with any free acid, &c., 
that may be in contact with it ; and this inducing excitement will be 
greatest when the battery is weak. Thus, in the above experiments. 
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when one pair of adnc and copper gave 56*7 alone, and the one inch of 
copper solution, being put in the current, only gaye 10*7, the exciting or 
inducing^ tendency of the positiye electrode was therefore equal to 46, 
while with nine pairs the inducing tendency was only 11*7 ; and we 
think it is this same tendency that in weak batteries causes more sdnc to 
be diBsolyed in the battery than the equivalent of metal deposited in the 
decomposition cell ; were the intensity of the battery increased, so that 
(taking our results as the standard) the full 97 grains were dissolved in 
the hour, there would be obtained an exact equivalent of decomposition 
in the whole course of the current. We are of opinion that this induc- 
ing tendency or electrical excitement of the positive electrode in the 
resisting electrolyte, when using weak battery power, is the cause and 
source of the undecomposing current of electricity passing through a 
solution, a phenomenon which has long been observed by electricians — 
a current sufficient to effect a galvanometer needle, but not to decom- 
pose the solution through which it passes, and which we think also 
produces the endosmose which every electrotypist must have observed, 
and which we will notice by and by. 

In corroboration of these views, we will dte the following results : — 
5. A battery of the same size of zinc plates as above— viz., 2x2^ 
inches — surrounded by copper placed 1 inch apart in sulphuric acid 
diluted with 24 parts of water ; two copper electrodes of the same size 
were put into another vessel containing sulphate of copper, having in it 
a little sulphuric acid, the whole connected and kept in action for four 
hours ; a piece of copper of the same size as the electrodes was put into 
the copper solution, but not attached to the battery. The following is 
the quantity of copper dissolved from the positive electrode more than 
was deposited upon the negative, which, according to the received law, 
should have been equal ; no perceptible gas was evolved :^- 

With one pair battery dissolved 13 grains over equivalent. 
With two pairs „ 11 „ „ 

With four pairs „ 8 „ „ 

With six pairs „ 4 „ „ 

With nine pairs „ 2 „ „ 

The piece of copper put in the solution had lost nothing in weight 
during the four hours. One more experiment may be given : the battery 
plates of zinc and copper in acid measured 5x6 inches ; acid, 1 sul- 
phuric to 24 water. The decomposition cell was divided by a porous 
diaphragm of biscuit ware; into one division was put sulphate of 
copper, into the other the ordinary silver plating solution : two silver 

M 
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electrodes, same size as battery plates, were used ; the negative put into 
copper cell, the positiye into silver. The quantity of copper deposited 
was taken as the equivalent of decomposing electricity passing: the 
action was sustained in each two hours. The loss given here is what 
was more than the equivalent of copper deposited, taking the equivalent 
of copper at 32, and, of silver at 108. 

With one pair battery the excess dissolved over equivalent was 70 grains. 
With two pairs „ „ „ „ 30 „ 

With four pairs „ „ „ „ 12*5 „ 

With six pairs „ „ „ „ 0*6 „ 

A number of other experiments, varying in their conditions, gave similar 
results. 

6. The next question was how far the size of the electrodes, in relation 
to the size of the battery plates, affected these results ? The battery in 
these trials was excited, a? in the other experiments, with 1 sulphuric 
acid to 24 water; the electrodes, copper in sulphate solution with a little 
free acid. The average of several experiments gave as percentage over 
the equivalent deposited — 



Electrodes half size of battery plates, loss 15 per cent 
Electrodes same size „ „ 12 „ 

Electrodes double size „ „ 7 „ 



These experiments, we think, prove that in weak batteries there is an 
undecomposing current, sufficient to induce chemical action between 
the solvent and positive electrode, but not sufficient to pass through the 
intervening solution, between the electrodes, so as to cause a deposition 
upon the negative. 



RESULTS OF EXPERIMENTS ON THE DEPOSITION 
OF OTHER METALS AS COATINGS. 



COATiKG WITH PLATINUM. — ^This metal has never yet been snccess- 
f ully deposited as a protecting coating to other metals. A solution may 
be made by dissolving the metal in a mixture of nitric and muriatic 
acids, the same as is employed for dissolving gold ; but heat must be 
applied. The solution is then evaporated to dryness, and a solution of 
cyanide of potassium added; next, it must be slightly heated for a short 
time, and then filtered. This solution, evaporated, yields beautiful 
crystals of cyanide of platinum and potassium ; but it is unnecessary to 
crystallise the salt. A very weak battery power is required to deposit 
the metal : the solution should be heated to 100^. Great care must be 
taken to obtain a fine metallic deposit : indeed, the operator may not 
succeed once in twenty times in getting more than a mere colouring of 
metal over the surface, and that not very adhesive. The causes of the 
difficulty are probably these : the platinum used as an electrode is not 
acted upon; the quantity of salt in solution is very little; it requires a 
particular battery strength to give a good deposit, and the slightest 
strength beyond this gives a black deposit; so that when the proper 
relations are obtained, immediately after, the relations of battery and 
solution are changed, and the black pulverulent deposit follows : active 
motion assists in getting a coating. 

We have occasionally succeeded in obtaining a bright metallic deposit 
of platinum, possessing the qualities of adhesion and durability : some 
of the articles thus covered presented no signs of change after many 
years ; but we have never been so fortunate as to get a platinum deposit 
that could protect any metal from the action of acids, or other fluids 
by which the metal could be affected. We have covered iron, such as 
the end of a glassblower's blowpipe, so that it could be made red-hot 
without the iron rusting, but rather taking the characteristic appearance 
of platinum; but even that did not protect the iron from rusting when it 
was put a short time into water, or kept exposed to moist air. We 
have seen again and again recommendations of certain solutions of 
platinum for the puipose of obtaining a reguline metal, and no doubt 
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it has been obtained. M. Roselenr patented a process so early as 1846 
for coating copper and its alloys with platinum. The solution of 
platinum he prepared thus: — ^To every 10 grains of platinum, made into 
chloride, as above described, and diluted with water, he adds a solution 
of 100 grains of phosphate of ammonia, which gives an orange-colour 
liquid. To this is added a solution of 500 grains of phosphate of soda, 
stirring well while this is being added. This liquid is boiled imtil all 
smell of ammonia ceases, and the solution begins to redden blue litmus 
paper, and becomes colourless, when the bath is ready for use. Iron, 
lead, zinc, or tin deposited platinum from this solution, so that these 
metals cannot be covered direct by the battery. By such solutions 
the patentee can deposit thick coatings of platinum ; the colour of the 
metal thus deposited is grey, and requires to be brushed with iron-wire 
brushes, or polished with pumice stone ; the colour of the metal, how- 
ever, may be obtained by polishing with rouge and leather. Nothing is 
said as to the means of maintaining the strength of the solution. In 1847 
J&l. Boseleur presented Louis Phillippe with a basin and ewer on which 
were deposited about 14 ounces platinum. Nevertheless, coating articles 
with platinum has never yet been made a branch of the electro-metal- 
lurgist^s trade. 

Coating with Palladium. — ^Palladium is a metal very easily deposited. 
The solution is prepared by dissolving the metal in nitro-muriatic acid, 
and evaporating the solution nearly to dryness ; then adding cyanide 
of potassium till the precipitate formed is dissolved: the solution is 
then filtered and ready for use. The 9yanide of potassium holds a largo 
quantity of this metal in solution, and the electrode is acted upon while 
the deposit is proceeding. Articles covered with this metal assume the 
appearance of the metal; but so far as we are aware, it has not yet 
been applied to any practical purpose. It requires rather a thick 
deposit to protect metals from the action of acids, which is probably 
the only use it can be applied to. 

Coatino with Nickel. — Nickel is very easily deposited ; and may be 
prepared for this purpose by dissolving it in nitric acid, then adding 
cyanide of potassium to precipitate the metal ; after liiiich the precipi- 
tate is washed and dissolved by the addition of more cyanide of potas- 
sium. Or the nitrate solution may be precipitated by carbonate of 
potash ; this should be well washed, and then dissolved in cyanide of 
potassium ; a proportion of carbonate of potash will be in the solution^ 
which we have not found to be detrimental. A solution of sulphate of 
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nickel, neutralised by amnM)nia, is now largely used for coating articles 
with nickel, sufficient ammonia is added to keep the nickel in solution : 
this solution works welL Other solutions haye been recommended; the 
following is the last we have seen. To a solution of 100 parts sulphate 
of nickel is added 14 parts caustic potash and 53 tartaric acid. We 
have articles coated with nickel from this solution of yery great beauty, 
haying a bright silver lustre, without scratch-brushing. Electrodes of 
nickel, cast into plates, are used, and may be purchased for that 
purpose. The metal is very easily deposited; it yields a colour 
approaching to silver, which is not liable to tarnish on exposure 
to the air. A coating of this metal is very useful for covering 
common woric, such as gasaliers and other gasfittings, and even com- 
mon plate. The property of not being liable to tarnish makes it 
eminently useful for aU general purposes. We coated medals with 
nickel in 1845, which were exposed to the air for many years without 
tarnishing, and when last seen by us exhibited no change. 

Antdcont. — ^This metal can be easily deposited from a chloride solu- 
tion, made by taking equal parts of a saturated solution of salammoniac 
and muriatic acid, and putting into this a large pole of antimony con- 
nected with the copper of a battery, and the other pole, which may be 
of iron, in a porous cell filled with a little potash or soda solution 
placed in the same solution, similar to making silver solutions by the 
battery. Antimony has a bright white colour, not readily tarnished by 
exposure to the atmosphere : it is highly crystalline and brittle, which 
renders it of very little use to the electro-metallurgist. We notice it 
specially from a peculiarity which deposited antimony has, first noticed 
by Greorge Grore, Esq., F.R.S. He says, " If during any part of the 
time the deposit is progressing, the deposited antimony be taken out 
and struck gently or rubbed with any hard substance, such as metal or 
glass, an explosion occurs, accompanied with a small cloud of white 
vapour, sometimes with a flash of light, and nearly always with con- 
siderable heat, sufficient to bum one^s fingers, melt gutta percha, bum 
paper, and even scorch deal wood quite brown, especially if the deposit 
is thick, and invariably accompanied by fracture of the deposited metal. 
Sometimes, if the process of deposition has been interrupted and the 
deposited metal is not homogeneous, the fracture extends quite through 
the metal to upwards of one-eighth of an inch in depth." Mr. Gore 
mentions that these explosions sometimes take place in the solution by 
striking the deposit against the sides of the glass vessel contaimng the 
solution. 



182 RESULTS OF EXPERIHEKTS. 

Bismuth. — ^This metal may be easily deposited from a solation formed 
by dissolving the nitrate of bismuth in water containing a little nitric 
acid, sufficient to maintain it in solution. It requires a yery weak 
battery power, and the electrodes kept considerably apart. The colour 
of the metal is white, with a red or pinkish tint, very pretty when newly 
deposited, very crystalline, and is of no known practical use to the 
electro-metallurgistb It is also subject to explode when struck with 
any hard substance. 

Cadmium. — ^A solution of cadmium is easily prepared by dissolving 
the metal in weak nitric acid, and precipitating it by carbonate of 
soda, washing this precipitate, and then dissolving it in cyanide of 
potassium ; a battery power of three or four pairs is required, and the 
solution should be heated to at least 100^ Fahr. The metal is white, 
and resembles tin ; it is very soft, and does not present many advantages 
to the electro-metallurgist. 

Lead. — ^This metal may be deposited from a solution either of the 
acetate or nitrate, upon such metals as are electro -negative to it; but 
should a deposit be required on iron or zinc, then an alkaline solution 
must be used; this can be prepared by dissolving litharge in caustic 
potash or soda. The deposition of lead in a fine reguline condition 
requires careful management of the battery in relation to the metal 
solution, but its deposition is of no practical use. 

Iron. — Iron may be easily deposited from a solution of ordinary 
copperas, using a very weak battery; still it is difficult to maintain the 
proper relations of battery and solution, so as to get a steady deposit of 
reguline metal with pure sulphate. Compound solutions have been 
found more suitable for this end. We have already, under " Stereotyping'* 
(page 106), given an account of how thin coatings of iron may be got. 
The following, taken from the Bulliten de la Societe d^ Encouragement^ 
gives the substance of the most successful operations in iron deposition. 
M. Klein, in a letter to Jacobi on the deposition of iron, after referring 
to a specimen which he had submitted for examination, goes on to say, 
— ^^ In the experiments of which I now have the honour of giving you 
an account, my starting point was the known process of covering 
engraved copperplates with a coating of steel, which is quite successful 
in a bath composed of the chloride of ammonium and iron, to which I add 
a minimum quantity of glycerine. Nevertheless, aU who have attempted 
coating with steel must have observed, when endeavouring to give 
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greater thickness to a very thin and brilliant layer of steel, that the 
surface cracks and the deposit detaches itself from the cathode in rery 
brittle spangles. Other baths, composed in a uniform manner, and cap- 
able of being employed under the same conditions, must therefore be used. 
They may be classed imder two categories, comprising baths composed 
of sulphate of iron and sulphate or chloride of ammonium. I first 
prepared three baths according to the formulae FeOSOj-j-AmOSO, 
+ 6H0, differing only in the manner of their preparation. The first 
bath consisted of a concentrated solution of crystals of the double salt 
FeOSO, -t-AmOSO 3 + 6H0, before mentioned. The second was com- 
posed of an admixture of a concentrated solution of each of these two 
salts, in the proportion of their equivalents. The third bath, which 
distinguished itself meritoriously from the others, was obtained by 
taking a solution of sulphate of iron, precipitating the iron by carbonate 
of ammonia, and dissolving the precipitate with sulphuric acid, thus 
avoiding all excess of acid. For the preparation of the baths in the 
second category I either mix solutions of sulphate of iron and chloride 
of ammonium in the proportion of their equivalents ; or I dissolve in a 
solution of sulphate of iron, at a temperature of about 15^ Beaumer 
(65^ Fahr.), as much chloride of ammonium as it would take. All these 
baths were as highly concentrated and as neutral as possible. I used 
for an anode plates of sheet iron presenting a surface nearly eight times 
as large as that of the copper cathode. Upon the employment for 
decomposition of one of Daniell's cells, there were formed upon all the 
cathodes in the course of twenty-four hours irregular deposita full of 
cracks, which on the slightest attempt to remove them broke into a 
thousand pieces.*^ 

M. Klein mastered his difficulties by a long series of experiments, the 
details of which it is unnecessary to repeat, but he sums up the results 
of the quality of deposited iron thus : — " Galvanic iron, when first taken 
out of the bath, is as hard as cast steel, and very brittle ; but when 
annealed at a temperature of dull redness, it loses much of its hardness 
and harshness. When further annealed to red heat it is malleable, and 
may be engraved as easily as soft steel. I am happy to say that, when 
made under favourable con^titions and annealed uniformly and with the 
proper precautions, the electro deposits are not subject to twist, bend, or 
blister. There is no contraction, but, on the contrary, an almost imper- 
ceptible dilatation: this is of importance where the complete similarity 
of blocks is required, as their dimensions should receive no sensible 
alteration on being annealed.^' 

In a paper read this year to the Physical Society by Mr. "W. C. 
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Roberts, upon << the Electro-deposition of Iron," the author exhibited 
specimens which he had obtained by Elein^s methods. The bath 
consists of a double sulphate of iron and magnesia, of specific gravity 
1-155 (31^ Twad.) The chief conditions of success is stated to be the 
neutrality of the bath and the employment of a yery feeble current of 
electricity. Iron so obtained possesses a higher conductivity than any 
commercial iron, and has a specific gravity of 8*139. Galvanic iron 
has no permanent magnetism, but will receive magnetism like soft steeL 

ALXTMiNinM AND SiLiCiUM. — ^Attempts have been made to deposit the 
metals aluminium and silicium from their cyanide solution, as coating 
upon other metals, in the usual way. We have not ourselves tried any 
experiments upon these metals ; but we take the following results of 
experiments from a paper by G. Gore, Esq., F.R.S., read to the Royal 
Society, who seems to have given the subject a good deal of attention : — 

<^ It has long been known to chemists that all kinds of clay, stone, 
and sand, of which the earth is composed, consist of metals combined 
with oxygen, carbonic acid, sulphuric acid, and other non-metaUio 
elements, forming therewith oxides, carbonates, sulphates, &c. ; thus 
clay is an oxide of aluminium, sand an oxide of silicium, limestone a 
carbonate of calcium ; but the separation of the metallic bases from the 
non-metallic elements with which they are combined has been a matter 
of so great difficulty, that few chemists have put themselves to the 
trouble of accomplishing it, and those who have done so have made use 
of the most powerful means and reducing agents, such as large voltaic 
batteries, potassiiun, &c., and have then obtained them in a state of 
alloy or combination with mercury. Sir Humphrey Davy, the discoverer 
of most of these bases, in his experiments on the decomposition of the 
alkalies and earths, used a powerful battery, consisting of 500 pairs of 
plates, and then succeeded in obtaining them combined with mercury, 
from which they were afterwards separated. Wohler and Berzelius, in 
their discoveries of the means of separating the metals aluminium and 
silicium from their respective compounds, clay and sand, used a high 
temperature and potassium, and then succeeded in obtaining them in 
the condition of dull metaUic powders, nearly infusible. 

<' By a means recently discovered, and described in the March number 
of the PhUosophical Magazine for this year, I have succeeded in deposit- 
ing the metals aluminium from clay, and silicium from sandstone, each 
in a perfect metallic condition, by dissolving pipe-clay, common red sand, 
pounded stone, &c., in various chemical liquids, and passing currents of 
electricity from ordinary small voltaic batteries through the solutions. 
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*< My attention has since been directed to produce simple processes, 
whereby any person not possessing a knowledge of chemistry may 
readily coat articles with those metals, and thus cause the discovery to 
be immediately applied to human benefit in the arts and manufactures ; 
and the following are the results of my experiments : — 

" To coat articles of copper, brass, or German silver with aluminium, 
take equal measures of sulphuric acid and water, or take one measure 
each of sulphuric and hydrochloric acids and two measures of water ; 
add to the water a small quantity of pipe-clay, in the proportion of 5 or 
10 grs. by weight to every ounce by measure of water (or ^ ounce to 
the pint) ; rub the clay with the water until the two are perfectly mixed, 
then add the acid to the clay solution, and boil the mixture in a covered 
glass vessel one hour. Allow the liquid to settle, take the clear, super- 
natant solution while hot, and immerse in it an earthen porous cell, 
containing a mixture of one measure of sulphuric acid and ten measures 
of water, together with a rod or plate of amalgamated zinc ; take a small 
Smee^s battery, of three or four pairs of plates, connected together 
intensity fashion, and connect its positive pole by a wire with a piece 
of zinc in the porous celL Having perfectly cleaned the surface of the 
article to be coated, coimect it by a wire with the negative pole of the 
battery, and immerse it in the hot clay solution ; immediately abundance 
of gas will be evolved from the whole of the immersed surface of the 
article, and in a few minutes, if the size of the article is adapted to the 
quantity of the current of electricity passing through it, a fine white 
deposit of aluminium will appear all over the surface. It may then be 
taken out, washed quickly in clean water, and wiped dry and polished; 
but if a thicker coating is required, it must be taken out when the 
deposit becomes dull in appearance, washed, dried, polished, and re- 
immersed ; and this must be repeated at intervals, as often as it becomes 
dull, until the required thickness is obtained. With small articles it is 
not absolutely necessary, either in this or the following process, that a 
separate battery be employed, as the article to be coated may be con- 
nected by a wire with a piece of zinc in the porous cell, and immersed 
in the outer liquid, when it will receive a deposit, but more slowly than 
when a battery is employed. 

"To coat articles with silicium, take the following proportions: 
} ounce, by measure, of hydrofluoric acid, ^ ounce of hydrochloric 
acid, and 40 or 50 grains either of precipitated silica or of fine white 
sand (the former dissolves most freely), and boil the whole together 
for a few minutes, until no more silica is dissolved. Use this 
solution exactly in the same manner as the clay solution, and a fine 



186 RESULTS OF EXPERIMEMTS. 

white deposit of metallic silicium will be obtained, provided that the 
size of the article is adapted to the quantity of the electric current: 
common red sand, or indeed any kind of silicious stone finely powdered, 
may be used in place of the white sand, and with equal success, if it be 
previously boiled in hydrochloric acid, to remove the red oxide of iron 
or other impuritiea* 

*' Both in depositing aluminium and silicium, it is necessary to well 
saturate the acids with the solid ingredients by boiling, otherwise very 
little deposit of metal will be obtained. 

" Among the many experiments I have made upon this subject, the 
following are a few of the most interesting: — 

^'1. Boiled some pipe-clay in caustic potash and water, poured 
the clear part of the solution into a glass vessel, and immersed in it 
a small earthen porous cell, containing dilute sulphuric acid and a 
piece of amalgamated zinc ; immersed a similar piece of bright sheet 
copper in the alkaline liquid, and connected it with the negative pole of 
a small Smee^s battery of three pairs of plates, connected the zinc plate 
with the positive pole, and let the whole stand undisturbed all night ; 
on examining it next morning I found the piece of copper coated with 
a white silver-like deposit of metallic aluminium. 

'* 2. Obtained from a railway cutting in the town a small piece of 
the sand rock upon which Birmingham is built, boiled it in hydro- 
chloric acid, to remove the red oxide of iron, washed it clean with 
water, and dissolving it by boiling in a mixture of hydrofluoric acid, 
nitric acid, and water ; immersed in this solution a porous cell with 
dilute acid and zinc, as before ; connected a piece of brass with the 
zinc by a wire, and suspended it in the outer liquid, which was kept' 
hot by a small spirit lamp beneath ; after allowing the action to proceed 
several hours, I found the piece of brass beautifully coated with white 
metallic silicium. 

*' 3. Took one part, by weight, of the same sandstone, after being 
purified by the hydrochloric acid, and two and a half parts of carbonate 
of potash, fused them together in a crucible until all evolution of gas 
ceased, and a perfect glass was formed ; poured out the melted glass, 
and when cold, dissolved it in w&ter, and used this solution in the same 
manner as the former ones, allowing the action to proceed about twelve 
hours, when a good white deposit of metallic silicium was obtained. 

*'4. Took some stones with which the streets of Birmingham are 
macadamised, pounded them fine in a mortar, boiled the powder in 
hydrochloric acid, to purify it from. iron, washed it well in water, 
and dissolved it by boiling an excess of it in a mixture of } oz., by 
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measure, of hydrofluoric acid, ^ oz. of water, and ^ oz. each of nitric 
and hydrochloric acids, until no more would dissolve ; used the clear 
portion of this solution in the same manner as the former liquids, and 
readily coated in it a piece of brass with a beautifully white deposit 
either of aluminium or silicium. From these, and many other experi- 
ments which I have tried, it is quite clear that common metal articles 
may be readily coated with white metals, possessing similar characters 
to silver, from solutions of the most common and abundant materials, 
and thus bring within the purchase of the poorer classes articles of 
taste and cleanliness, which are at present only to be obtained by the 
comparatively wealthy." 

Tm. — ^Tin is easily deposited from a solution of protochloride of tin. 
If the two poles or electrodes be kept about two inches apart, a most 
beautiful phenomenon may be observed: the decomposition of the 
solution is so rapid that it shoots out from the negative electrode like 
tentacula, or feelers, towards the positive, which it reaches in a few 
seconds : the space between the poles seems like a mass of crystallised 
threads, and the electric current passes through them without effecting 
further decomposition. So tender are these metallic threads, that when 
lifted out of the solution they fall upon the plate like cobweb. Seen 
through a glass, they exhibit a beautiful crystalline structure (see page 
156). If a circular electrode of tin is used, and a small wire put in the 
centre of the chloride solution, the threadlike crystals will shoot out all 
round, and give quite a metallic conferva. Tin may also be deposited 
from its solution in caustic potash or soda ; but the ease and cheapness 
by which iron or copper can be covered with tin in the melted state has 
interfered much with any attempt to apply the battery process for that 
purpose, believing that, for such as tinplate, the operation would be 
expensive, and also next to impracticable. However, the deposition of 
tin upon iron has recently received a certain appearance of practical 
utility, by a process patented in 1872 by the late E. C. De Lobstein, of 
Paris, the principal novelty of which is, that after he has deposited a 
layer of tin he submits the article so coated to heat nearly sufficient to 
melt the tin, producing a frosted appearance. Several articles done in 
this way, seen by us, were very beautiful. The preparation of the tin 
solution is thus stated in the patent : — '< My tin bath consists of 1000 
parts of water, 22 acid, a half part of caustic soda, half a part of cyanide 
of potassium, and one quarter part of tin salf 

This patent has received notoriety from its being made the subject of 
a lawsuit, from the report of which we take the following account of 
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how the patentee operated on a laige scale. The battery was com- 
posed of a lead yessel, 4 feet by 2 feet, and 7^ inches deep : in the 
bottom was placed a copper sheet 4 feet 6 inches by 2 feet 4 inches, 
and abore this, and resting upon arnaU pieces of wood, was a zinc plate 
S feet 6 inches by 2 feet 3 indies. The exciting solution was made up 
with 8 lbs. 12 oz. acetate of lead, the same quantity of common salt, 
and 2 lbs. of sulphuric acid in as much water as fiUed the trough and 
coyered the copper and zinc. The tinning bath was 8 feet long by 4 
feet wide, and 4 feet deep, and contained 500 gallons of water, in which 
was dissolved 80 lbs. caustic soda, 2 lbs. 2 oz. cyanide of potassiimi, 
and 1 lb. 6 oz. salts of tin. There were tin electrodes attached to the 
copper of the battery, and the iron plates on which the coating of tin was 
made measured upwards of 160 square feet of surface. The result of 
the operation after being in action 4 dajB of 24 hours was — 

fi)s. oz. 
Zinc dissolved in the battery, . . 1 lOi^ 
Tin dissolved from electrodes, . . 1 15^ 
Tin deposited upon the iron, . . . 12} 

We see in this experiment the large quantity of tin dissolved from 
the positive electrode, compared with the amount deposited upon the 
iron, corroborative of our remarks (page 175) ; also the large quantity of 
zinc dissolved for the work done, which is not surprising, considering 
the nature of the exciting liquid. With an ordinary battery of one pair 
zinc and copper, the zinc properly amalgamated, 1 lb. 10^ oz. of zinc 
should deposit 4 lbs. tin ; and, again, if it requires four days to deposit 
12} oz., how long would it require to deposit 100 lbs.? or, taking the 
size of battery and vat here given, what space would be occupied by 
batteries and vats to deposit 100 lbs. tin per day — ^not an extraordinary 
quantity for the requirements of a manufactory of this sort? 

DEPOsmoN OF Allots. — ^Many attempts have been made to deposit 
alloys of metals from their solutions. That two or more metals can be 
deposited together from a solution we have seen sufficient evidence; 
but the means to regulate the proportions of each, so as to make a 
thick coating, is a process very difficult, although we understand it is 
done very extensively by means not made public. The difficulty lies 
in getting a mixed solution of any two metals that are exactly equally 
decomposable ; or, in other words, that the metals under the circum- 
stances in which they are placed are exactiy of equal conducting power: 
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otherwise the electric cmrent will always travel through the one that offers 
the least resistance, and there will be none of the other metallic solution 
decomposed, or metal deposited, until the quantity of electricity is 
greater than the best conducting metal in the solution will allow to 
pass ; then the other metal will be deposited in proportion to the extra 
electrical power that passes. As, for example, take a mixture of the 
cyanide of gold, silver, and copper in cyanide of potassium. The silver in 
this state is so much superior in its conducting power to the other salts, 
that all the silver may be deposited from the solution by a weak battery 
without any of the other metals; if the solution be afterwards heated, 
and the battery power kept so that no gas is allowed to escape from the 
articles, the gold may be deposited without any copper ; but if the gas 
is allowed to flow from the article receiving the deposit, the copper will 
be deposited, and often more abundantly than the gold, as the escape 
of gas is not consistent with a reguline deposit of gold. We have thus 
deposited an alloy of gold and copper; we have also deposited gold and 
silver, but the alloy was very inferior and irregular. Alloys can be 
obtained of silver and palladium in cyanide solutions of zinc and copper 
from a solution of their sulphates ; but in no instance have we found 
good alloys, or alloys that could pass as such in name or appearance. 
We have seen articles, made of iron, covered with copper and sdnc in 
this manner, or in alternate layers, and the articles afterwards heated 
in charcoal, by which means a brass of fair appearance was obtained; 
but the process is attended with practical difficulty, and the product 
cannot be called deposited brass. 

Several patents have been taken out for the deposition of alloys of 
various sorts. The following by Morris and Johnson embraces a wide 
range, and being weU described, we will copy the specification : — 

*^ This invention consists in the employment of solutions composed 
of cyanide of potassium and carbonate of ammonia, to which are added 
cyanides, carbonates, and other compounds of metals, in proportions 
according to the amount of deposit required to be made.'^ 

In (nrder that the invention may be fully understood and carried into 
effect, the patentees proceed to describe the means pursued, by them as 
f oUows : — '^ These improvements consist in the employment of solutions 
composed of carbonate of ammonia (the carbonate of ammonia of com- 
merce, or the sesqui-earbonate of ammonia of chemists) and cyanide of 
potassium, to which are added carbonates, cyanides, or other com- 
pounds of metals in various proportions. For the weU-known* alloy 
brass, carbonate of ammonia and cyanide of potassium are used in the 
following proportions — ^viz., to each or every gallon of water are added 
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1 lb. of carbonate of ammonia, 1 lb. of cyanide of potassiam, 2 oz. of 
cyanide of copper, and 1 oz. of cyanide of zinc : these proportions may 
be varied to a considerable extent. Or the patentees take the before- 
named solution of carbonate of ammonia and cyanide of potassium, in 
the proportion of 1 lb. of each to 1 gallon of water ; and they take a 
large sheet of brass of the desired quality, and make it the anode or 
positive electrode, in the aforesaid solution, of a powerful galvanic 
battery or magneto -electric machine, and a small piece of metal, and 
make it the cathode or negative electrode, from which hydrogen must 
be freely evolved. This operation is continued till the solution has 
taken up a sufficient quantity of the brass to produce a reguline deposit. 
The solution may be used cold; but it is desirable, in many cases, to 
heat it (according to the nature of the article or articles to be deposited 
upon) up to 212** Fah. For wrought or fancy work about 150*^ Fah. 
will give excellent results. The galvanic battery, or magneto -electric 
machine, must be capable of evolving hydrogen freely from the cathode 
or negative electrode, or article attached thereto. It is preferred to have 
a large anode or positive electrode, as this favours the evolution of 
hydrogen. The article or articles, treated as before described, win 
immediately become coated with brass : by continuing the process any 
desired thickness may be obtained. Should the copper have a tendency 
to come down in a greater proportion than is desired, which may be 
known by the deposit assuming too red an appearance, it is corrected by^ 
the addition of carbonate of ammonia, or by a reduction of temperature 
when the solution is heated. Should the zinc have a tendency to come 
down in too great a proportion, which may be seen by the deposit 
being too pale in its appearance, this is corrected by the addition of 
cyanide of potassium, or by an increase of temperature. 

"The alloy German silver is deposited by means of a solution 
consisting of carbonate of ammonia and cyanide of potassium (in the 
proportions previously given for the brass), and cyanides or otiier 
compounds of nickel, copper, and zinc in the requisite proportions to 
constitute German silver ; it is, however, preferred to make the solution 
by means of the galvanic battery or magneto-electric machine, as above 
described for brass. Should the copper of the Grerman silver come 
down in too great a proportion, this is corrected by adding carbonate 
of ammonia, which brings down the zinc more freely ; and should it be 
necessary to bring down the copper in greater quantity, cyanide of 
potassium is added — such treatment being similar to that of the brass 
before described. 

" The solutions for the alloys of gold, silver, and other alloys of 
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metals are made in the same mamier as abore stated, by employing 
anodes of the alloy or alloys to be deposited ; or by adding to the solu- 
tions the carbonates, cyanides, or other compounds, in the proportions 
forming the various alloys : always using, in depositing, an anode of the 
required alloy. These solutions are subject to the same treatment and 
control as those of the brass and German silver before described. 

'* The patentees claim the combination of the carbonate of ammonia 
before named, or other carbonates of ammonia and cyanide of potassium, 
as the ingredients for their solutions for depositing alloys of metals." 

The expense of depositing common metals will remain a barrier to 
the use of electro-metallurgy in making such alloys as brass, a con- 
sideration which some patentees tio not seem to consider. We have 
the following given as methods for mixing up solutions for depositing 
brass which will prove our position. 

As an illustration of this invention we take the patentee's method of 
depositing a coating of brass by galvanic agency, in which he employs 
the following: — 1. ''A solution of the double chloride of zinc and 
ammonia. 2. A solution of the double chloride of zinc and potassium, 
3. A solution of the double chloride of zinc and sodium. 4. A solu- 
tion of the double acetate of zinc and ammonia. 5. A solution of the 
double acetate of zinc and potassium. 6. A solution of the acetate of 
zinc and soda. 7. A saturated solution of carbonate of zinc and car- 
bonate of ammonia. 8. A solution of the double tartrate of zinc and of 
potash, soda, or ammonia. (To one thousand parts of the solution of 
tartrate of zinc, indicating three degrees on the salinometer, thirty parts 
of hydrochlorate of ammonia and eighty parts of hydrochloric acid must 
be added.) 9. A solution of citrate of zinc rendered soluble by an 
excess of citric acid. 10. A solution of tartrate of zinc in potash or 
soda. With each of the above solutions an analogous solution of copper 
must be mixed in the proportion suitable for obtaining the required 
depth of colour." 

It is recommended that a battery of sufficient strength be used as 
will be capable of evolving hydrogen ; to do this for most of the solu- 
tions named will require several pairs ; but taking the cost at the lowest, 
and that only one pair of plates be used in the battery, and suppose we 
deposit 3 lbs. of yellow metal — 

There are dissolved in battery 3 lbs. zinc @ 6d., s= Is. 6d. 

Dissolved from electrode to supply copper, 2 lbs. @ Is., == 2s. Od. 
Dissolved from electrode to supply zinc, 1 lb. @ 6d., »» 6d. 

4s. Od. 
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Which will make the one pound Is. 4d. for the metals used, not 
including solutions, &c. This alloy can be purchased at Is. If 
several pairs of battery have to be used, the zinc has to be multiplied by 
the number of pairs ; so that if four pairs are used, the cost of zinc for 
battery power will be 6s. instead of Is. 6d. Nevertheless, were such 
alloys capable of being deposited in any given proportion regularly, even 
this cost would not be against their use for many purposes. We take 
the following from the " Progress of General Science^ VoL II." 

" The following solutions of different metals are given by Brunei, 
Bisson, and Gaugain, as being capable of giving a deposit of bronze 
/brass ?) : — 

50 parts Carbonate of potash. 
2 ** Chloride of copper. 
4 '* Sulphate of zinc. 

25 *' Nitrate of ammonia. 

"A bronze pjate is used as the positive electrode. The deposit given 
by this solution has been seen by Becquerel, who mentions that it bears 
comparison with any ordinary bronze in appearance." A solution of 
the above materials in water strikes the ear as somewhat hypothetical : 
that a mixed solution of copper and zinc will give, under certain condi- 
tions, a compound deposit we know, and also that, with a quantity of 
other salts present, will give peculiar tints of colour, a circumstance 
which may be obtained without a compound deposit. But the difficulty 
to be overcome is to proportion the deposit of different metals, so that 
we may make up a solution and battery that will deposit either Muntz's 
yellow metal, Stirling's yellow metal, gun-metal, or common brass at 
pleasure, and that we may be able to produce compounds that are 
constant and unvarying : so that, for example, we could deposit silver 
or gold of the standard quality, all which, notwithstanding the many 
statements that have been made in print, have yet to be discovered. 

Besides the ordinary electro-metallurgical operations, the public are 
from time to time told through the press that electricity has been applied 
to the extraction of metals from their ores: but on examination the state- 
ment is invariably found to be incorrect, the metal being in all cases 
separated from the ore by means of an acid or acids, and the electro- 
metallurgical operations not applied till after this separation takes place, 
so that its application is altogether apart from and is not applied untQ 
after the metal is extracted from the ore. Such an application for 
common metals is commercially absurd; and nothing can exhibit the 
want of practical consideration so much as some of the patents taken out 
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for this object. The greater number of these patents are intended for 
copper ores, upon which we will offer a few remarks. It will be seen 
from the principles of deposition that, supposing the copper was all in 
solution to be deposited by a battery, the cheapest form known will gire 
the loss of one ton of zinc and sulphuric acid to get one ton of copper, 
which would be upwards of £20 for the materials destroyed, while a ton 
of copper may be smelted by the ordinary process for half that sum. 
We give the following extract of a patent as an illustration, not because 
it is worse than others, but it is more definite in its methods and 
battery than most of these patents, and the patentee was an excellent 
electrician. 

'* Mr. Andrew Crosse, of Broomfield, the electrician, has just specified 
his patent for improvements in the extraction of metals from their ores. 
The apparatus employed for this purpose consists of a wooden or 
earthenware vessel, capable of holding from 250 to 800 quarts, at a short 
distance above the bottom of which is a movable platinum frame, 
covered with a netting of platinum wire, the meshes being about 1 inch 
each way. This frame is connected to the positive pole of a Daniell^s 
battery by a platinum wire, covered with a non-conducting material 
throughout those parts of it exposed to the liquid in the vessel ; the 
negative pole of the battery being connected to a copper wire, from 
which is suspended by three smaller wires, in the interior of the vessel 
a bowl of wood lined with sheet copper, and covered with a copper- 
wire netting. The battery in connection with the apparatus should 
consist of 20 pairs of plates, each in a gallon glass vessel, filled with a 
saturated solution of sulphate of copper, to which has been added from 
l-20th to 1-lOth part of sulphuric acid. 

*' The mode of operating is as follows : — ^The vessel is partially filled 
with water acidulated with sulphuric acid — ^230 quarts of water and 5 
quarts of sulphuric acid being a convenient quantity. About 15 lbs. of 
the copper ore, previously calcined and reduced to powder, is then 
stirred into the liquid in the vessel and allowed to subside, after which 
the platinum frame is lowered on to the surface of the ore, and the 
copper-lined bowl suspended in its place, when the electric current 
immediately begins to act ; but it is preferred to allow the ore to remain 
four or ^ve days in the acidulated water before applying the electric 
current. The liquid during the process should be kept heated even as 
high as the boiling point, by which the separation of the copper and its 
deposition in the bowl will be facilitated. The time occupied in effect- 
ing this is generally three or four days, when the whole of the copper 
is removed ; the acid liquid and sediment, which will contain any other 

N 
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metals that may have been present, are run out through a plug-bole in 
the bottom of the yesseL The sediment should be tested to ascertain 
if it stUl contains any proportion of copper ; and if so, it can be mixed 
with fresh calcined ore, and again operated on ; the liquid does not 
require any fresh quantity of acid to be added to it during the process, 
and afterwards it may again be similarly used/' 

Here we have 20 pairs of plates recommended to be used in the 
battery, making a destruction of 20 tons of zinc and acid for one ton 
copper, and taking four days to deposit; and at the ordinary per- 
centage of ore to get this, there will have to be 300 tons of ore 
operated upon, requiring acres of tanks, heated according to specifica- 
tion, independent of the furnace for calcining. Having got the ore 
calcined and free of sulphur, it would be preferable to fuse it with 
carbonaceous matters and get the copper direct. Notwithstanding the 
commercial absurdity of all these applications and patents, still there 
are several ingenious adaptations worthy of the attention of the electro- 
metallurgist as a study in his profession. 

Electro Smelting. — ^We have also to rank a proposition of our own 
among the absurd patents taken out for the extraction of copper from its 
ores by electricity. In the early history of the art, application was made 
to our employers to try if the process of electro-deposition could not be 
applied to the extraction of the copper from the water issuing from the 
copper mines and large heaps of ore accumulated round the mouth of 
the mines on the Island of Anglesea, apparently a very legitimate appli- 
cation, and thither we went with batteries, and all other necessary appli- 
ances. The process by which the copper at that time was obtained from 
the waters was by adding metallic iron, on which the copper was pre- 
cipitated. One ton of iron should theoretically precipitate one ton of 
copper ; but in practice it required ten tons of iron to obtain one ton of 
copper. To put into this solution an electrode of copper, and attach a 
battery to it, and deposit the copper from the solution, seemed a very 
easy and simple affair ; but to our surprise, instead of a deposit the 
copper electrode was rapidly dissolved, and no deposition took place till 
after a considerable time had elapsed, and the solution had become of a 
blue colour ; then deposition went on rapidly, and continued until the 
water was completely exhausted of copper ; but the quantity of zinc 
dissolved in the battery was ten times the amount of the copper got 
from the waters, and consequently much more expensive than the 
ordinary process with iron. After some investigation, we found the 
cause to be from the water containing a large quantity of persulphate 
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of iron, so that when the metallio iron was put into this solution no 
copper was deposited until all the persulphate of iron was reduced to 
the protosulphate, thus—* 



Persulphate of 
iron is composed 
of two iron and ' 
three acid. 

Metallic iron, 



Iron 

Iron 

Sulphuric acid 
Sulphuric acid 
^Sulphuric acid_ 
Iron, 




protosulphate of iron, 
protosulphate of iron. 



protosulphate of iron. 



After this reaction the copper in the water is replaced by the metallic 
iron remaining, thu&^ 

Sulphate of cop- / Copper metallic copper. 

per is composed of J 

one copper and one | 

sulphuric acid. v. Sulphuric acid 

Iron, Iron ^^^^^^-protosulphate of iron. 

When the copper electrode was put into the copper waters the same 
reaction took place between the copper and persulphate of iron — ^the 
copper was dissolved by the persulphate, and no deposition by the 
battery took place untQ all the iron was reduced to the atate of proto- 
sulphate. And then all the copper thus dissolved, as well as that 
originally held in solution, had to be deposited by the battery, and that 
at the expense of the zinc, which was, as stated, ten times the amount 
of the copper that had been originally in the water. 

It was during this visit to the Anglesea mines that we first saw copper 
smelted from the ore; and seeing the ore in the fused condition, the 
question occurred to us, may not the battery be applied to the fused 
liquid, and deposit the copper upon an electrode less fusible ? 

The experiment was tried in a quantity of ore fused in a crucible, 
using iron electrodes, and we obtained a favourable result. A patent 
was applied for, notice of which was soon circulated, under the heading 
of smeltmg coj^er by electricity ; and ere it went the round of the 
newspaper press its value was magnified to the extent that the saving 
of coal alone was calculated at half a million of money, and the copper 
was to be so cheap, that if the same money value was to be retained in 
the coins, the penny piece would require to be the size of butter plates ; 
and long after we had found out our error, a premium was offered for any 



196 RESULTS OF EXPERIMENTS. 

one who would introduce the process into France, and Messrs. Phillips 
and Bives were appointed by a learned society in Paris to investigate 
the process. Our results in the crucible and elsewhere were a mere sub- 
stitution of iron for copper, which was practically of no utility, and the 
electricity applied was of no use. However, many curious phenomena 
were observed in our experiments, which do not fall within our pre- 
sent inquiry. 



We have thus given a brief review of the practical operations of 
electro-metallurgy for the guidance of the student, who, as he proceeds, 
will find that the difficulties which at first beset his path will gradually 
disappear : easier modifications of processes will suggest themselves, as 
all operators cannot with equal facility follow the same directions. 
New facts will reveal themselves to his inquiries; a wide field of 
interesting and profitable research will open up before his mind, and 
the steady and persevering experimenter and observer will not fail to 
reap an abundant harvest of honour and gratification, in being an 
instrument in promoting the knowledge of the working of the laws of 
Nature; and although thirty-five years have passed since the art of 
electro-metallurgy first began, much has yet to be discovered, and 
these remarks remain as applicable now as in our first edition twenty- 
five years ago. 

Electrical Endosmose. — ^When working with weak batteries in the 
varied circumstances under which electro -metallurgy is conducted, 
there have been many phenomena observed of great importance in the 
study of dynamic electricity, some of which we have already noticed — 
such as the non-transfer of the positive element of an electrolyte, and 
also that the electrodes are in a state of electrical tension or excitement, 
in relation to bodies round them, in a similar manner to a substance 
charged with statical electricity, which is manifested by extra chemical 
action at the positive pole. There is also another phenomenon which 
the electro-metallurgist will not have failed to observe when operating 
with porous cells or diaphragms, that the liquid in one cell or division 
increases in bulk and the other decreases. This is termed endosmose, 
and depends, we think, on a weak undecomposing current passing 
through an electrolyte. The late Professor Faraday says, in his Electrical 
Researches, that a current of electricity may be made to pass through 
solutions without decomposing them. Also, the late Mr. Sturgeon gave 
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it as his opinion that there was always an undecomposing current 
passing with the decomposing. Jacobi says, *^The current from a 
single pair does not decompose water, and yet produces deflection of 
the galvanometer. If the current of a ten-pair battery be weakened by 
the interposition of a long thin platinum wire to such a degree that it 
produces the same deflection as the current of a single pair, it will 
behave towards water in the same manner without decomposing it." 

These views have forced themselves upon us as the result of long 
experience, and we think that the undecomposing current 'is greatest 
when the decomposition is least, and that endosmose, which is of two 
sorts, namely, a flow of the salt in solution from one cell to the other, 
and a flow of water: the latter alters the bulk of the solutions, the 
former does not, and is invisible to the eye ; the effect of these unde- 
composing currents varies with the strength of the battery, or other- 
wise, the resistance offered to the passing of the electric current by the 
electrolyte. To make this matter a little more plain, we select a few 
experiments as illustrations. When a plate of zinc and 
copper are put into dilute acid, and the two connected by 
a slip of copper, as Fig. 50, the electricity passes from the 
zinc in the solution, and through the solution to the 
copper, when it flows back to the zinc by the connection 
a. Suppose we call the quantity of electricity flowing 
from one metal to another in these circumstances 100; 
then if . this free flow of the current of electricity be inter- 
rupted by an electrolyte, thus (Fig. 51), the current gene- 
rated in the battery cell flows from the copper c of the battery, to the 
electrode d, through the electrolyte solution 
to the electrode e, and back to the zinc z; 
but the electrolyte does not allow the flow of 
electricity to pass through it with the same ease 
as the metallic copper, having work to do in 
decomposing the salt ; but the amount of 
electricity in a given time from the battery, 
without an intervening electrolyte, being 
100, and the work done in the electrolyte 
in the same time be only 50, then the ten- 
sion of the electrodes inducing an undecomposing current, chemical 
action upon the positive electrode, endosmose, &c., is equal to 50. 
Suppose the work done in the electrolyte be only 20, then these 
phenomena by the undecomposing current will be 80 ; but should the 
work done be 80, then the influence of the undecomposing current will 
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be represented by 20, These figures only express the principle of the 
two kinds of work done, which will be 
more manifest by the experimental resnlts. 
Endoamose can only be observed whea 
working with porons cells, where the de- 
composiiig or electrolyte solnttons are 
divided by & porous partition. The fol- 
lowing experiment was with a sepaiate 
batteiy, and tiie decomposing ccU divided 
by a porous ptirtition, as Fig. 52, In each 
" division of the cell a, was pat a solution 

^^'J^Mfl'^'^'^^ of «K) grains of sulphate of copper, the 
ons partition; c,e, copper * "^ /^\ ' 

etectrodca. two solutions were at one level, the battery 

had 9 pairs of zinc and copper in dilute 
sulphuric acid, 1 to 24. The current was continued until the liquid in 
the negative division was completely exhausted of copper, requiring about 
60 hours. The liquid in this cell had increased 4 oz. by measure, or SO 
per cent.; the solution in the positive cell had lost 6 oz. This cell 
contained all the sulphate of copper originally held in OiO two; the 
electrode had lost in weight 267 gr^s ; the negative electrode had 
gained in weight 250 gnuns. In this experiment we see that 
all the sulphuric acid in the negative cell has been tiansferred to 
the positive by electrolisation, that 500 grains of the salt, nndecom- 
posed, has been cairied from the positive to the negative division, 
besides 4 oz. of water carried in the same direction, which took place 
principally during the tatter part of the experiment, when the negative 
division became exhausted. This and aimUar experiments were repeated 
many times, with different strengths of batteiy, and with similar results. 
In the nextjexperiment, Fig. 53, a is a glass vessel filled with water, 
acidulated with muriatic acid, I to 24, 
in which is placed b, a porous vessel 
containing 100 grains of sulphate of 
copper in solution, in which is placed 
the negative pole, c, the solution 
measuring 4 oa. The current bom 
a foor-pair battery was kept up till 
the solution in porous vessel was 
exhausted of copper — there were 
25-1 grains copper deposited: the 
liquid now measured 4J oz., and con- 
Fig. S3> tained a mere trace of chlorine ; the 
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positive electrode, d, had lost 192 graina ; (be liquid at Oia bottom of the 
Teasel was blue, and contained all the Bulphuric acid that was in the 
porous TeweL Here again we have endosmose of water, no transfer of 
luetallio element, and a large quantity of copper dissolved from tbe pou- 
tive electrode. The battery plates were large, 6 by 8 inches, and the 
resistance of the electrolyte was considerable. 

Another e^eriment where resistance was increased, see Fig. 54 ; 

a, a glass vessel filled with distilled water ; 

b, porous vessel with solution of sulphate of 
copper, with negative electrode, d; e, por- 
ous vessel witii hydrochloric acid, 1 t« 24 
water, wi& positive electrode e; battery used 
was nine pairs of zinc and copper, each of 
the porous vessels had 4 oz. solution. After 
18 hours the results were — negative elec- 
trode had deposited upon it 26 grains cop- 
per; solution not exhausted of copper and 
had increased in bulk 1^ oz., and did not 

contain a trace of moriatic acid ; the posi- a 

tive electrode was covered with a white Fig. 54. 

powder, and had lost in weight 87 grains ; 

the liquid had lost f ounce in bulk, and contained a considerable portion 

of sulphuric acid. The water in glass vessel was tinged blue, and 

bad both aolphnric and hydrochloric acids in it, and had lost in 

bulk li oz. 

Here again we have an Increase of bulk by endosmose in the negative, 
cell, a loss in the positive, and a ti'anBfer of the sulphuric acid through 
the layer of distdUed water to the positive, which contained sulphate of 
copper. 

These and a nmnber of other|eiperiiaente suggested to ns the opinions, 
already given, that doring electrolysis only the element in combina- 
tion with the metal is transferred from electrode to electrode — the 
metallic element is not; and tiiat besides the decomposing current thero 
is an nndecomposing current, which carries with it, when the resistance 
is not great or the decomposing current is great, a quantity of the salt 
in solution, without water, and which does not increase the bulk, but 
when the decomposition is little it carries with it water, which increases 
Imlk. To test tiiis last idea we tried the following experiment (Fig. 
56); — id, a glass vessel divided by a porous partition, h, each division 
filled with water to the lip. In one division was placed a zinc plate, z ; 
in the other a copper pkte, c, each plate being 4 by 6 inches square, 
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coDoected b; a slip of copper, d. The glass vessel had a, spoat 

with a amall vessel, e, nnder, to catch an^ 

overflow. The cnrrent passing was auffi- 

cieot to effect a not very delicate galvaoO' 

meter needle, b«t there wa« no apparent 

decompositioii. This apparatas was kept in 

BctiOD for fort; days, always keeping the 

eolation m the zinc division to the proper 

level. In this w^ 32 os. of water passed 

through the porous partition, and were caught 

in the vessel e, not taking into account loss 

Fig. 66. by eraporation. The zinc plate had oxidised 

upon the surface, which, being dissolved off, 

shewed a loss of 33 gnuns. Each division of the glass vessel held 20 

oz. liquid. With two copper electrodes, one in each division, connected 

wiOt a battery of nine pairs of equal-sized plates with the electrodes, 

the flow of water was on an average 2 oz. per day. 

In order to see if it would sustain any pres- 
sure, the apparatus was fitted up as Fig. 56, a 
being a ^-inch tube 13 inches above the level 
of liquid. The tube was widened at bottom 
and joined to the niouth of the porous cell e e; 
c c are two electrodes connected with a nine-pair 
battery. The water flowed up the tube and ran 
over with the same ease as it did over the spout 
of glass vessel This experiment suggested to 
us the probability that some such electrical in- 
fluence may be at work in raising the sap from 
the earth up through the vessels of vegetables, 
even of the highest trees, although the quantity 
Kg. B6. "^ liquid in these experiments is comparatively 

amall to that passing along the vessels of a 
tree in leaf. Still, in some of our experiments, with electrodes mea- 
suring only 3 by 2 inches, we had an increase of 1 oz. in twenty-four 
hours. Had the lai^r plates or electrodes given the same proportions, 
we should have had 4 oz. transferred in the twenty-four boors, 
instead of 2 oil. 
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W£ have described at considerable lengiih the practical details con- 
nected with the art of electro-metallurgy, without pausing to inquire 
into the philosophy of the action of the electric currents by which the 
effects are produced. It will be unnecessary to enter into a long dis- 
cussion of the numerous theories that have been advanced from time 
to time to explain the action that takes place in a battery or decom- 
posing cell, while the current is passing through the solution — a brief 
reference to the more commonly received opinions will be sufficient for 
the present purpose. 

Action of Sulphate of Copper on Iron. — In order to convey our 
ideas accurately, let us suppose that the solution imdergoing decom- 
position is sulphate of copper. This salt is composed of sulphuric acid 
and copper, which may be represented as 80^ + Cu : these are held 
together by what is known as chemical attraction or affinity; but if 
iron is put into the solution, the combination of the acid and copper 
will be overcome by the attraction of the acid to the iron, for which it 
has a stronger affinity than for the copper. Hence iron put into 
sulphate of copper decomposes it, thus : — 

Sulphate of copper (sulphuric acid —j^ sulphate of iron. 

composed of (copper ^^ — coppermetallic deposited. 

Iron metallic iron -^ 

Were we to put a piece of copper into a solution of sulphate of copper, 
there would be no action, the forces being equal; but if by any means 
we were to communicate to this piece of copper a higher attractive 
force for the SO^ than that of the copper which is already in union 
with it, we should cause the acid to leave the copper it was originally 
combined with, and to combine with the new piece of copper. Bearing 
these general principles in view, we shall proceed to state the different 
opinions of the most eminent electricians on this subject. 

Faraday's Theory of Electrolysis. — ^The late Professor Faraday 
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says in his Researches — "Passing to the consideration of electro- 
chemical decomposition, it appears to me that the effect is produced by 
an internal corpuscular action, excited according to the direction of the 
electric current, and that it is due to a force either superadded to^ or 
giving direction to, the ordinary chemical affinity of the bodies present. 
The body under decomposition (say sulphate of copper) may be consi- 
dered as a mass of acting particles, all those which are included in the 
course of the electric current contributing to the final effect; and it is 
because the ordinary chemical affinity is relieved, weakened, or partly 
neutralised by the influence of the electric current in one direction 
parallel to the course of the latter, and strengthened or added to in the 
opposite direction, that the combining particles have a tendency to pass 
in opposite courses. 

" In this view the effect is considered as essentially dependent upon the 
mutvuil chemical affinity of the particles of opposite kinds. Particles cm 
could not be transferred or travel from one pole ]^, towards the other 

pole P, unless they found particles 

®a h a If /^^ of tte opposite kind, 66, ready to 
^ • O ^\^) pass in the contrary direction ; for 
■p\n 57. it is by virtue of their increased 

affinity for those particles, combined ' 
with their diminished affinity for such as are behind them in their 
course, that they are urged forward. 

" I conceive the effects to arise from forces which are internal, rela* 
tive to the matter under decomposition, and not external, as they might 
be considered, if directly dependent upon the poles. I suppose that 
the effects are due to a modification by the electric current of the 
chemical affinity of the particles through or by which that current is 
passing, giving them the power of acting more forcibly in one direction 
than in another, and consequently making them travel by a series of 
successive decompositions, in opposite directions, and finally causing 
their expulsion or exclusion at the boundaries of the body under decom- 
position, in the direction of the current, and that in larger or smaller 
quantities, according as the current is more or less powerful'** 

In the above figure, the particles aa may be termed copper Cu, and 
the particles 66 sulphuric acid SO 4, which will enable us to follow the 
comparison of the different views. 

Graham^s Theory op Electrolysis. — ^The late Professor Graham 

• F&raday's Experimental Researches^ yoL L, paragraphs 518, 519, 524. 
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Fig. 58. 



supposed that the compound particles, such as sulphate of copper^ 
possess polarity, so that the particles in the 
battery or decomposition cell will stand in 
relation to each other in a polar chain, as in 
Fig. 68. 

He then represented electrotyping by the 
porous cell Efystem, as follows : — 

" The liquids on either side of the porous division may also be dif- 
ferent, provided they have both a polar molecule. Thus, in Fig. 59, 
the polar chain is composed of molecules of hydrochloric acid, extend- 
ing from the zinc to the porous division at a, and of molecules of 
chloride of copper from a to the copper plate. When the CI of mole- 
cule 1 unites with zinc, the H of that molecule unites with the CI of 
molecule 2 (as indicated by the connecting bracket below); the H of 
molecule 2 with the CI of molecule 3 ; the Cu of molecule 8 with the 
CI of molecule 4 ; and the Cu of this molecule being the last in the 
chain, is deposited upon the copper plate. Dilute sulphuric acid in 



Zinc 





@® @@i 



I 



Copper. 



Fig. 59. 



contact with an amalgamated zinc plate, and the same acid fluid satu- 
rated with sulphate of copper in contact with the copper plate, are a 
combination of fluids of most frequent application."^ 

According to this theory, all the particles between the zinc and copper 
during the action of the batteries will be performing a whirling motion ; 
for when the CI of molecule 1 is liberated, the H of 1 will combine 
the CI of 2, which compound molecule must whirl round to be in its 
proper polar position, which will necessitate that interchange distinctly 
referred to by Professor Faraday — a mutual transfer of the elements ; 
the CI will pass towards the zinc plate, and the H and Cu towards the 
copper plate. 

Danieli^'s and Miller's Views. — ^A similar theory was given by the 
late Professor Daniell in his Chemical Philosophy; but, as already stated 



* Graham's Elements of Chemistry, second edition, 1859. 
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in page 90, be, in conjunction with the late Professor Miller, commu- 
nicated to the Boyal Society an account of a series. of experiments, 
from which they came to the conclusion that there was not a mutual 
transfer of the elements of an electrolyte, as all previous theories 
had necessitated. They nevertheless came to the conclusion that the 
positive elements in certain salts were transferred in given proportions 
— that potassium from sulphate of potash was transferred at the rate of 
one-third of an equivalent, barium from nitrate of barytes at one-sixth 
of an equivalent, and magnesium from sulphate of magnesia at one- 
twelfth of an equivalent ; and conclude with the following remarks :-^ 

** These facts are, we believe, irreconcilable with any of the molecular 
hypotheses which have been hitherto imagined to account for the 
phenomena of electrolysis, nor have we any more satisfactory at pre- 
sent to substitute for them ; we shall therefore prefer leaving them to 
the elucidation of further investigations to adding one more to the 
already too numerous list of hasty generalisations.^* * 

There were certainly great difficulties in reconciling the results which 
they obtained had they been the effect of electrolysis, as these eminent 
chemists considered; but in this, we think, they were in error, and that 
the transfer of potassium, barium, and magnesium which they obtained 
was not by electrolytic action, but electrical endosmose. The result of 
our experience is, that when two different kinds of liquids are separated 
by a porous partition, there is a certain amount of transfer or mixing of 
the two liquids, either by what is termed ordinary endosmose, caused 
by one of the liquids being of greater specific gravity, or by what the 
late Professor Graham called diffusion; but besides these, and con- 
trolling these in ordinary salts, when an electric current is made to 
pass through these solutions from a galvanic battery, there is a flow of 
the solution in the line of the electric current without decomposition ; 
and this takes place as easily when both divisions are filled with the 
same solution as when they have different salts in solution and inde- 
pendent of their specific gravity. And it was, we think, this flow that 
led Daniell and Miller to the supposition that the metallic elements 
of different salts were partially transferred by electrolysis. We believe 
that in no case of electrolysis by the battery is the metallic element of 
the electrolyte transferred or transmitted from the positive electrode 
to the negative. 

Notwithstanding the experiments and conclusions come to by Pro- 
fessors Daniell and Miller, published in the Philosophical Transactions 
for 1844, and our own experiments and conclusions, published in the 

* Philosophical Transaetiont, Part I. for 1814. 
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Fig. 60. 



Chemical Society*s Journal in the same year, the old theory of electrolytic 
action and mutual transfer is still given as the true one in books and 
periodicals, by philosophers of high standing. It is no doubt difficult 
to give up an old and generally received theory, especially when it 
agreed with a cherished dogma of there being two electricities passing 
from electrode to electrode exactly equivalent in force, whether these 
forces acted according to Faraday^s or Graham^s suppositions, or as 
given by others. To be more in 
keeping with the dogma, a is 
the electrode attached to the 
copper of battery; b is the elec- 
trode attached to zinc of bat- 
tery; CCCC and SSSS repre- 
sents a solution of sulphate of 
copper, as a chain of particles 
between the two electrodes. 
Electricity by the dogma is a 
compound force composed of 
resinous and vitreous electricities, or negative and positive. "When 
they are separated by any means they have a strong attraction for each 
other, so that when two substances are charged with the different kinds 
of electricity, they have an attraction for each other, and if easily 
moved will rush together; but two substances charged with the same 
kind of electricity repel each other. In the double chain of sulphate 
of copper in the above figure, the copper, 0, is the positive element in 
the chain, and SO4 is the negative element. The positive electricity 
coming from the battery by the wire py the electrode, a, gets charged 
with that kind of electricity; while the negative electricity from the 
battery is simultaneously passing through the wire fz, charging the 
electrode with negative electricity. The positive electrode a therefore 
repels the positive element C, and attracts the negative element SO4; and 
the negative electrode simultaneously attracts the positive C, and repels 
the negative SO4 : so that there is a mutual play of forces. This ex- 
planation of the action of the current in decomposing the electrolyte, 
like the two others given, necessitates a mutual transfer of both posi- 
tive and negative elements in equal proportions, as the one electric 
force is exactly the equivalent of the other, which, as has been proven, 
is not the fact. We must therefore seek for some other explanation, 
and in doing so disregard for the time the dogma of two electric cur- 
rents passing through an electrolyte in different directions. We are 
more inclined to think that dynamic electricity is a simple force passing 
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through a condactiDg chain from the zinc of battery through the con-i 
ducting element of the solution of battery to the copper, thence by the 
wires and the conducting element of the electrolyte, and back to the 
Tine and solution in battery. 

Proposed Theort. — Having carefully considered the various phe- 
nomena attending electrolysis, in the decomposition of metallic salts, 
we think that the electricity is conducted through the solution by the 
base or positive element in the electrolyte, which it does as if it were a 
solid chain of particles or wire. We have ahready said, that if to a solu- 
tion of sulphate of copper we add a piece of iron, the acid in union 
with the copper will leave it and combine wi<^ the iron. If a piece of 
copper be put into the same solution no change will take place ; but if 
we by any means give to this copper an increased tendency to unite 

with the acid, it will attract the 
acid from the copper in solution 
by virtue of this increased affinity. 
Suppose two wires coming from a 
battery forming a chain of particles 
or atoms, and placed in a sulphate 
of copper solution, as in Fig. 61, 
the double row representing the 
compound atoms of sulphate of 
copper forming the electrolyte; 
CC the copper or positive element, and SO 4 the sulphuric acid or 
negative element of the solution. The two siugle rows CC, &c., at 
each end of the double row, represent the wire or solid conductors of 
the electricity, from the battery to the decomposition cell: the last 
particle of the single rows, FN, nearest the double row may be viewed as 
the electrodes. The sulphuric acid SO 4, and the copper C, in solution, 
are held together by their affinity for each other. 

Now let it be supposed that an equivalent of electricity leaves the 
positive terminal of the battery F, and passes along the solid par- 
ticles of the conductor, that particle upon which the electricity is must 
be for the time in a higher state of excitement than the other particles. 
When the electric current comes to the last particle of the solid chain 
F, which is in contact with the electrolyte, its increased excitement 
causes it to attract and combine with the acid particle SO^ nearest it ; 
the electricity being dynamic, passes to the first basic particle CI, 
giving it an exalted excitement, which causes it to unite with the acid 
particle SO4I, the electric force passing to C2, which becomes excited 
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in turn, and takes the particle SO ^2 ; and so on through the cham till 
the last particle 06, which, having no farther acid to combine with, 
is thus left adhering to the solid chain of particles or electrode forming 
the deposit, and the electricity passes along the solid conductor or 
electrode to the battery N. 

By this we observe that every equivalent of decomposition will 
draw an equivalent of acid to the positive electrode, without taking the 
metallic element to the other or opposite electrode. Whether this be 
the true definition of the manner in which electrolytes are decomposed 
by dynamic electricity, we do not affirm; but it is our opinion, and it 
agrees ezactiy with the results that take place in all solutions under- 
going decomposition by a current of electricity, and also in the battery 
between the zinc and copper. 
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Fittings, Fitted Bottles for various Gases. Purification of Gases. Pneumatic 
Trou^s, Gas Receivers, Gas Bags, Gas Holders, Condensation and Absorption 
of Gases, Class Experiments with Gases. Anal)rtical Operations : Application 
of Chemical Tests. Testing Apparatus, Chemical Tests in Solution of graduated 
strength. Volumetric Analysis : Weights and Measures used. Apparatus : 
Burettes, Supports for Burettes, Pipettes, Measuring Flasks, Test Mixers, Mix- 
ing Jars, Indicators. Special Volumetric Operations, Testing of Carbonates, 
Chlorides and Iron Salts, Water Test, Assay of Milk, Wine Testing; Sugar-cane 
Juice Testing; Assay of Zinc Ores, Sets of Apparatus and Test Liquors for Volu- 
metric Analysis. Volumetric Solutions on various standards : the Septem, the 
Cent. Cube, and the Decem. Urinometry : Sets of Instruments and Tests for 
the Assay of Urine. Blowpipe Apparatus and Apparatus for Microchemical 
Operations. Apparatus forExperiments on Coloured Flames. The Spectroscope, 
Cabinets of Blowpipe Apparatus, both for qualitative and quantitative Analysis. 
Apparatus for Assaying, and for Metallurgic Operations in general. Marsh's 
Arsenic Test. Organic Analysis. Collections of Chemical Apparatus arranged 
for special purposes : some in portable Cabinets. Specimens of minerals, illus- 
trative of Mineralogy, Geology, and Metallurgy. Crystallography : Collections 
of Crystal Models. Chemical Books. List of Chemicals. Acids for Exportation. 
With all other Requisites for Experiments of Demonstration or Research. 

John J. Griffin &> Sons, 22, Garrick Street, London. 



SCIENTIFIC WORKS by JOHN J, GRIFFIN, FCS. 

POPULAR 

GUIDE TO CRYSTALLOGRAPHY. 

In demy 8vo., 520 pp., with numerous Figures, price 5s. 

A SYSTEM OF CRYSTALLOGRAPHY WITH ITS 
APPLICATION TO MINERALOGY. 

By John Joseph Griffin, F.C.S. 

This is the only English work in which the mathematical rules 
for the examination and description of Crystals are expressed in 
words at length, as well as in algebraic formulae ; and it contains 
the only English Catalogue of the Forms and Combinations 
presented by the discovered Crystals of each species of mineral. 

CONTENTS. 

Part I. Principles of Crystallography : — i. Axes of Crystals. 
2. Planes of Crystals. 3. Prisms and Pyramids, and their combinations with one 
another. 4. Classification of Crystals. 5. Possible limit to the number of 
Planes that can occur upon Crystals. 6. Crystallographic Notation. 7. Clea- 
vage and Primitive Forms. 8. Forms and Combinations. 9. The Five Zones. 
10. Law of Symmetry. 11. Theory of Crystalization. 12. Use of Spherical 
Trigonometry in Crystallization, explained in a popular manner. 13. Enquiry 
into the variety of Forms and Combinations that occur upon the Crystals of 
Minerals. Explanation of the Six Systems of Crystallization: — (i.) The 
Octahedral System ; (2.) The Pryamidal System; (3.) The Rhombohedral 
System ; (4. ) The Prismatic System ; (5. ) The Oblique Prismatic System ; (6. ) 
The Doubly-oblique Prismatic System. 14. Brook's System of Crystallography, 
15. Considerations on the utmost possible abridgement of Crystallographic 
Notation. 16. Table of Sines and Tangents. 

Part II. Application of Crystallography to Mineralogy : — 
I. Rose's Tabular Arrangement of known Crystalised Minerals, according to 
six Systems of Crystallisation. 2. Catalogue of Crystallised Minerals, showing 
the ConEibinations that occur in Nature. 3. Systematic arrangement of the 
"Crystals found in the Mineral Kingdom, with a List of the Minerals common 
to each Crystal, with an explanation of the Mineralc^cal Characters employed 
to discriminate the Minerals that Crystallise in the same Form. 4. Descriptive 
Catalogue of a Series of 120 Models of Crystals employed to illustrate this 
system of Crystallograpy. 

MODELS OF CRYSTALS: a series ot 120 Models ot 

Crystals executed in Biscuit Porcelain, size from 2 to 4 inches in length, 
most of them representing Crystals that occur among Minerals, and 
adapted to facilitate the study of Crystallographic Science. Price of the 
Set of 120 Models, 42r. 

JOHN J. GRIFFIN & SONS, 22, Garrick Street, W.C. 



SCIENTIFIC WORKS by JOHN J. GRIFFIN, FCS, 

CHEMICAL RECREATIONS; 

A POPULAR 

MANUAL OF EXPERIMENTAL CHEMISTRY. 

By JOHN JOSEPH GRIFFIN, F.C.S. 
T/ie TENTH EDITION, Entirely Re-written, 



First Division. 128 pages, crown %vo., with 100 engravings, pi-ice is. 

First Course of Chemical Experiments. 

Introductory View of Chemistry. Instructions in Chemieal 
Manipulation. Lessons on the Qualitative Analysis of Salts. 
Art of Centigrade Testing. Tables of Chemical Equivalents. 



Second Division, di^ pages, zvith 440 engravings, price, los, 6d. 

Chemistry of the Non-Metallic Elements. 

Air, Water, the Gases, the Acids and a Summary of Organic 
Chemistry ; including an extensive Course of CLASS EXPERI- 
MENTS, with Instructions for their successful performance, 
illustrated by 400 Engravings of the most efficient Apparatus. 

Contents of the Second Division of Chemical Recreations. 

The Radical Theory: — i. Oxygen. 2. Hydrogen. Compounds with 
Oxygen. 3. Nitrogen. Compounds with Oxygen and Hydrogen. 4. Carbon. 
Compounds of Carbon with Oxygen and Hydrogen. Organic Compounds. 
Salts produced by Organic Radicals. Special examples of Organic Salts. 
Organic Compounds that contain Nitrogen. Combustion, Fuel, Illumination, 
Fusion. Gas Furnaces. 5. Sulphur and its Salts. 6. Selenium. 7, 8, 
Tellurium. 9. Phosphorus lo, ii. Arsenic. 12, 13. Antimony. 14. 
Chlorine. 15. Bromine. 16. Iodine. 17. Fluorine. 18. Boron. 19. Silicon. 
20, 21. Chromium. 22, 23. Molybdenum. 24, 25. Vanadium. 26. Tungs- 
tenum. 27. Titanium. 28. Tantalum. 29. Pelopium. 30. Niobium. 

The Work complete, in One Volume, cloth gilt, 12s. 6d. 
JOHN J. GRIFFIN & SONS, 22, Garrick Street, W.C. 
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CHEMICAL HANDICRAFT: a classified and descriptive 

Catalogue of CHEMICAL APPARATUS suitable for the performance of 
Class Experiments, for every process of Chemical Research, and for Chemical 
Testing in the Arts. Accompanied by copious Notes, explanatory of the 
Construction and Use of the Apparatus. By John Joseph Griffin, F.C.S. 
In a closely-printed volume of 480 pa^es in demy 8vo, illustrated by 1,600 
engravings on wood. Price 4s., bound tn cloth, 

CABINETS and COLLECTIONS of CHEMICAL 
APPARATUS and TESTS, suitable for the Private Study, 

of Elementary Chemistry, for Students in Chemical Schools, for Qualitative 
Analysis, for the Illustration of Chemical Lectures, for Travelling Mineralogists, 
Metallurgists, and Engineers, for Toxicology, Urinometery, and other Medical 
Purposes ; for Agricultural Chemists and other special experimental purposes. 
Arranged by John J. Griffin, F.C.S. [Extracted from "Chemical 
Handicraft,"] 40 pages, 8vo, sewed, price 6d. post-free. 

SCIENTIFIC APPARATUS for USE in SCHOOLS : 

comprehending Instruments required for Performing Experiments to illustrate 
th« following Sciences : — Mechanics, Hydrostatics, Hydraulics, Pneumatics, 
Acoustics, Meterology, Heat, Light, Electricity, Magnetism, Galvanism, 
Electro-Magnetism, Chemistry, Geology, Crystalography, Mathematics. 56 
pages, demy 8vo, price 6d. post-free. 

ACCOUNT of a GAS FURNACE suitable for Chemical 

Fusions at a White Heat, and Assaying Operations by the Muffle without the 
aid of a Blowing Machine. Price id. post-free. 

LIST of PURE CHEMICAL TESTS, and other 

Chemical Preparations for Experiments of Demonstration or Research. Price 
id. post-free. 

STUDIES in CHEMICAL PHILOSOPHY, embracing 

Discussions respecting the Constitutions of Acids, Bases, and Salts ; the Atomic 
Weights, The Radical Theory, the Constitution of Gases, the Construction of 
Chemical Formulae, the Principles of Chemical Nomenclature, the Doctrine of 
Types and Substitutions, Special Account of the Constitution of most of the 
Important Varieties of Salts, &c., &c., &c. By John J. Griffin, F.C.S. 
Crown 8vo, 558 pages, price 5s. cloth. 

A SYSTEM of CRYSTALLOGRAPHY, with its Appli- 
cations to MINERALOGY. By John J. Griffin, F.C.S. 520 pages, demy 
8vo, with numerous woodcuts, price 5s. 

MODELS of CRYSTALS, to illustrate this work; a series 
of 120 Specimens in Biscuit Porcelain. 42s. 

CHEMICAL LABELS : i. Set of 600 Labels, small type, 

6d. 2. Book of 5CX3 Labels, large type, is. 6d. 3. De la Rue's Label Book, 
large quarto, 4d. 

JOHN J. GRIFFIN & SONS, 22, GARRICK STREET, 

London, W.C. 
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Largt ivo. Cloth, with 150 lUustratioHS, Ss. 6d. 
A DICTIONARY OF 

DOMESTIC MEDICINE 

AND HOUSEHOLD SURGERY. 

BY 

SPENCER THOMSON, M.D., Edin., L.R.C.S. 

Thoroughly revised and brought down to the present state of Medical Science* 

With Appendix on the MANAGEMENT of the SICK-ROOM, and many 

Hints for the DIET and COMFORT of INVALIDS. 



From the Author's Prefatory Address. 

"Without entering upon that difficult ground which correct professional 
knowledge, and educated judgment, can alone permit to be safely trodden, 
there is a wide and extensive field for exertion, and for usefulness, open to 
the unprofessional, in the kindly offices of & true DOMESTIC MEDICINE; 
the timely help and solace of a simple HOUSEHOLD SURGERY, or better 
still, in the watchful care more generally known as <* SANITARY PRECAU- 
TION,*' which tends rather to preserve health than to cure disease. " The 
touch of a gentle hand *' will not be less eentle because guided by know- 
ledge, nor will the safe domestic remedies be less anxiously or carefully ad- 
ministered. Life may be saved, sufiering may always be alleviated. Even 
to the resident in the midst of civilization, the " KNOWLEDGE IS 
POWER'* to do good; to the settler and the emigrant it is INVALUABLE. 
I know well what is said by a few, about injuring the medical profession, 
by making the public their own doctors. Notning will be so likely to make 
** long cases " as for the public to attempt any such folly ; but people of 
moderate means — ^who, so far as medical attendance is concerned, are worse 
off than the pauper — ^will not call in and fee their medical adviser for every 
slight matter, and, in the absence of a little knowledge, will have recourse 
to the prescribing druggist, or to the patent quackery which flourishes upon 
Ignorance, and upon the mystery with which some would invest their caUine. 
And not patent quackery alone, but professional quackery also, is less like^ 
to find footing under the roof of the intelligent man, who, to common sense 
and judgment, adds a little knowledge of the whys and wherefores of the 
treatment of himself and family. Against that knowled^ which might aid 
a sufferer from accident, or in the emergency of sudden illness, no humane 
nan could offer or receive an objection." 

Notices of the Press. 

**The BEST and SAFEST book on Domestic Medicine and Honiehold Snrgeiy which 
baa yet mttLrtd."— London Journal of Medicine. 

** Dr. Thomson has fully sncceded in conveying to the pnblic a vast amount of niefol ro- 
feasional know\t^t,"^Dubtin Journal of Medical Science, 

** The best production of the kind we possess."— CAnt^n Witness. 

" The amount of useful knowledge conveyed in this work is surprising."— If aUm/ limes 
mnd GoMette. 

** Worth its wbiqbt in gold to pauilibs and thb clbroy."— O^r/bnl Berald. 

LONDON: CHARLES GRIFFIN <S- COMPANY. 
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ALTAR OF THE HOUSEHOLD (The); a 

Series of Prayers and Selections from the Scriptures, for Domestic 
Worship, for every Morning and Evening in the Year. By the 
Rev. Dr. Harris, assisted by eminent Contributors, with an Intro- 
duction by the Rev. W. Lindsay Alexander, D.D. New Edition^ 
entirely revised. Royal 4to, with Steel Frontispiece. Cloth, gilt edges^ 
22/- May also be had bound in the following styles : half-bound calf, 
marbled edges ; and levant morocco, antique, gilt edges. 

%* Also Illustrated with a series of first-class Engravings on Steel, descriptive 
of the most important Events in the Old and New Testaments, at 6/- 
extra. 

anecdotes (CYCLOPAEDIA of RELIGIOUS 

and MORAL). With an Introductory Essay by the Rev. George 
Cheever, D.D. Crown 8vo. Cloth, 3/6. Sixteenth Thousand, 

*«* These Anecdotes relate to no trifling subjects ; and they have been selected, not 
only for amusement, but for instruction. By those engaged in the tuition of the young, 
they will be found highly useful. 

BIBLE HISTORY (A Manual of). By the Rev. 

J Wycliffb Gedgb. Small 8vo. Cloth neat, yd. 

*' This small but very comprehensive Manual is much more than a mere summary 
of Bible History." — Church Sunday School Magazine. 

BUNYAN'S PILGRIM'S PROGRESS. With 

Expository Lectures by the Rev. Robert Maguire, Incumbent of 
St. Olave's, Southwark. With Steel Engravings. Imperial 8vo. Cloth 
gilt, 10/6. Second Edition, 

BUNYAN'S PILGRIM'S PROGRESS. With 

Life and Notes, Experimental and Practical, by William Mason. 
Printed in large type, and Illustrated with full-page Woodcuts. Crown 
8vo. Bevelled boards, gilt, and gilt edges, 3/6. Tenth Thousand, 
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BUNYAN'S SELECT WORKS. With an Ori- 

ginal Sketch of the Author's Life and Times. Numerous Engravings. 
Tato vols., super-royal 8vo. Cloth. 36/- New Fditton. 

CHRISTIAN YEAR (The) : Thoughts in Verse 

for the Sundays and Holy Days throughout the Year. With an ori- 
ginal Memoir of the Rev. John Keble, by W. Temple, Portrait, and 
sixteen beautiful Engravings on Steel, after eminent Masters. In 4to, 
handsome cloth, bevelled, 12/6; unique walnut boards, 21/-; morocco 
antique, 25/- ; morocco extra, 30/- 
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A Mountain Lake 
A Greek Temple.. 
A Village Church 
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" An Edition d* luxe, beautifully got up admirably adapted for a giftobook." — 

John Bull. 

CH R I STIAN YEAR (The) . With Memoir of the 

Author by W. Temple, Portrait, and Eight Engravings on Steel, 
after eminent Masters. Small 8vo, toned paper. Cloth gilt, 5/- ; 
morocco, elegant, 10/6 ; unique malachite boards, 12/6. New Edition. 

♦*• The abore are the only issues of the " Christian Year," with Memoir and Por- 
trait of the Author. In ordering, Griffin's Editions should be specified. 



CRUDEN'S COMPLETE CONCORDANCE TO 

THE OLD AND NEW TESTAMENTS, AND THE BOOKS 
CALLED APOCRYPHAL. Edited and corrected by William 
YouNGMAN. With fine Portrait of Cruden. Imperial 8vo. Cloth, 
handsome gilt top, 7/6. New Edition, 
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DICK (Thos., LL.D., F.R.A.S.): CHRISTIAN 

PHILOSOPHER (The) ; or, The Connection of Science and Philo- 
sophy with Religion. Revised and enlarged. Illustrated with 150 
Engravings on Wood. Crown 8vo, toned paper. Handsomely bound, 



with gilt edges, 5/- Twenty-eighth Edition. 



DICK (Dr.): SIDEREAL HEAVENS (The). 

and other .Subjects connected with Astronomy, as illustrative of the 
Character of the Deity, and of an Infinity of other Worlds. Illustrated. 
Crown 8vo, tuned paper. Handsomely bound, with gilt edges, 5/. 
New Edition. 
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STANDARD BIBLICAL WORKS, 

BY 

THE REV. JOHN EADIE, D.D., LL.I>., 

Late Profsssor of Biblical Litsraturs and Evcegmm £• th$ VnitrA P¥asbfjftBria»Cktm(A, 
and Member of (he New Testament Rf,vision Comtiuny. 



This Series has been prepared, on an accurate and scientific basis, to^ttivi mmmnA and 
necessary aid to the Reader of Holy Scripture. The Four Volumes comprised in it form 
in themselves a Cottyi.ETB LiBRikRy of RsFKHxaiCB, B>B£.icwl oad Aoccasiastical. 
Number of copies already issued, qvhr a quarter of a million. 



I. EADIE (Rev. Prof.): BIBLICAL CYCLO- 

Pi^DIA (A) ; or, DictlosiaTy of Eastern Antiquities, Geogropiiy, Natural 
History, Sacred Annals and Biography, Theology, and Biblical Liter- 
ature« illustrative of the Old and New Testanaenta. With Maps pre- 
pared expressly by Messrs. W. &. A. K. JomfSTim,, imaxkj Engravings, 
and Lithographed Fac-simile of the recently- Ji'scovcmsd Moabite Stone, 
with Translation of the Inscription. Large post 8vo, 700 pages. 
Handsome cloth, 7/6; half-bonnd calf, 10/6; iixuroeco antique, 16/. 
Twentieth Edition. 

"We must regard this Bible Dictionary of Dr. Eadie's as decidedly the best 
adapted for popular use, and have always found it a reliable authority. To the Clergy 
not possessed of large libraries, and to whom the price of books is important, we can 
cordially recommend the present volume." — Clerical Journal. 

II. EADIE (Rev. Prof.): CRUDEN'S CONCORD- 
ANCE TO THE HOLY SCRIPTURES. With a Pewtrait on Steel of 

Alexander Cruden, M.A., and Intro^dtK^tion bj-the Rev. Dr. King. 
Post 8vo. Cloth, 3/6 : half-bound calf, 6/6 ; full calf, gilt edges, 8/6 ; 
full morocco, grbt edges, 10/6. Forty^ftmrth E-ditian. 

%* Dr. Eadie's has long and deservedly boroB tbs MpiOCtiwn of beinc tiktfCOM- 
PLETEST snrt BEST CONCORDANCE extant. 

III. EADIE (Rev. Prof.): CLASSIFIED BIBLE 

(The). An Anafytical Concordance to the Hcrty Scri-pturew. FFhistrated 
with Maps. Post 8vo. Cloth, bevelled^ 8/6 ; morocco, 17/6. Fijtn 
E>dition. 

*«* The object of the Classified Bible is t« pveaent the entire Scidfltures tnider 
certain distinct and exhaustive Heads or Topics it di^rsiromjm ordinary Concord- 
ance in that its arcarrgement depends not on word's, but on subjects. The Reader 
will find, under Forty-two differeirt Sections, what the Bible says in relation to 
Doctrine, Ethics, Antiquities, &c. The Verses being printed in full, reference and 
comparison are greatly facilitated. 

" We have only to add our unqualified commendation: of a wiork oif real excellence 
to every Biblical stodenx. "->CAm»ia» Times. 

IV. EADIE (Rev. Prof.): ECCLESIASTICALCY- 

CLOPiEDIA (The) ; A Dictionary of Christian Antiquities, SectF, 
Denominations, and Heresies ; History of Dogmas, Rites, Sacraments, 
Ceremonies, &c., Liturgies, Creeds, Confessions, Monastic and Religious 
Orders, Modern Jadaism, &c. By the Rev. Prof. Eadie, assisted (by 
the Rev. Dr. Hartwell HoRNE.Ven. Archdeacon Hale, Prof. McCaul, 
and other contributors. Post 8vo. Cloth bevelled, 8/6; morocco 
antique, 17/6. Sixth Edition. 

" Our readers will n ^t need to be told that this is a 'comprfrhensive* work, and we 
may add that it is one which will be found u^^eful and convenient to a large number nf 
both clergy and laity. "—English Churchman, 
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Rev. Prof. Eadie*s Works — {continued), 

V. EADIE (Rev. Prof.) : A DICTIONARY OF 

THE HOLY BIBLE; designed chiefly for the Use of Young Persons. 
From the larger work by Prof. Eadie. With Map and numerous Illus- 
trations. Small 8vo. Cloth, 2/6 ; morocco, gilt edges, 7/6. Seventeenth 
Edition, 

*' Parents and tutors will unanimously thank the author for this result of a labour 
of love."— Critic. 

" A very good and useful compilation for youth.**— Z^t'/rrary Gazette, 

VI. EADIE (Rev. Prof.): A COMMENTARY ON 

THE GREEK TEXT OF THE EPISTLE OF ST. PAUL TO 
THE EPHESIANS. Revised throughout and enlarged. Demy 8vo. 
Cloth, 14/ Second Edition, 

" This book is one of prodigious learning and research. The author seems to have 
read all, in every language, that has been written upon the Epistle. It is also a work 
of independent criticism, and casts much new light upon many passages." — Literary 
Gazette. ' 

%* A Complete Prospectus of Dr. Eadie's Popular Works for- 
warded gratis and post-free on application. 
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8vo. Strongly hound in cloth, 50/- New Edition, 
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Cloth and gold, 3/. ; morocco antique, 8/- ; malachite, 10/6. 

KEBLE and HERBERT : THE CHRISTIAN 

YEAR, by John Keble, with Memoir of the Author by W. Temple ; 
and THE TEMPLE, by George Herbert, with Memoir by Prof. 
Nichol. In one vol., 8vo, illustrated, cloth and gold, 7/6. 

KITTOQohn,D.D.,F.S.A.,): The HOLY LAND: 

The Mountains, Valleys and Rivers of the Holy Land; being the Physical 
Geography of Palestine. With eight full-page Illustrations. Fcap. 8vo. 
Cloth, 2/6. Tenth Thousand, New Edition, 

" Contains within a small compass a body of most interesting and valuable infor- 
nation." 

KITTO Qohn, D.D., F.S.A.) : PICTORIAL 

SUNDAY BOOK (The). Containing nearly two thousand Illustrations 
on Steel and Wood, and a Series of Maps. Folio. Cloth giltj 3o/» 
Seventy -third Thousand, 
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PALEY (Archdeacon): NATURAL THEOLOGY; 

Or, the Evidences of the Existence and the Attributes of the Deity. 

With Illustrative Notes and Dissertations, by Henry, Lord Brougham, 

and Sir Charles Bell. Many Engravings. One vol., i6mo. Cloth, 4/- 

'* When Lord Brougham's eloquence in the Senate shall have passed away, and his 
services as a statesman shall exist only in the free institutions which they have helped 
to secure, his discourse on Natural Theology will continue to inculcate imperishable 
truths, and fit the mind for the higher revelations which these truths are destined to 
foreshadow and contTva,— Edinburgh Review. 

PALEY (Archdeacon): NATURAL THEOLOGY, 

with Lord Brougham's Notes and DIALOGUES ON INSTINCT. 
Many Illustrations. Three vols., i6mo. Cloth, 7/6. 

%• This Edition contains the whole of the Original Work ^ published 
at Two Guineas^ with the exception of the Mathematical Dissertations, 

RAGG (Rev. Thomas) : CREATION'S TESTI- 
MONY TO ITS GOD : the Accordance of Science, Philosophy, and 
Revelation. A Manual of the Evidences of Natural and Revealed Re- 
ligion ; with especial reference to the Progress of Science and Advance 
of Knowledge. Revised and enlarged, with new Appendices on Evolu- 
tion and the Conservation of Energy, Large crown 8vo. Handsome 
cloth, bevelled boards, 5/- Thirteenth Edition. 

" We are not a little pleased again to meet with the author of this volume in the 
new edition of his far-tamed work. Mr. Ragg is one of the few original writers of our 
time to whom justice is being done.** — British Standard, 

[This work has been pronounced "The book of the age," "The best popular Text 
Book of the Sciences," and " The only complete Manual of Religious Evidence Na- 
tural and Revealed."] 

RELIGIONS OF THE WORLD (The) : Being 

Confessions of Faith contributed by eminent Members of every Denom- 
ination of Christians, also of Mahometanism, the Parsee Religion, the 
Hindoo Religion, Mormonism, &c., &c., with a Harmony of the Christian 
Confessions of Faith by a Member of the Evangelical Alliance. Crown 
8vo. Cloth bevelled, 3/6. New Edition. 

*t* In this volume, each denomination, through some leading member, has expressed 
its own opinions. There is no book in the language on the same plan. All othtr 
works on the subject, being written by one individual, are necessarily one-sidet, 
incomplete, and unauthentic. 

SCOTT (Rev. Thomas) : A COMMENTARY ON 

THE BIBLE ; containing the Old and New Testaments according to 
the Authorised Version, with Practical Observations, copious Marginal 
References, Indices, &c. In 3 vols., royal 4to. Cloth, 63/- New Edition. 

TIMES (John, F.S.A., Author of "Things not 

Generally Known,'* &c.) : 

THOUGHTS FOR TIMES & SEASONS. Selected and compiled 
by John Timbs. Fcap. 8vo. Cloth neat, i/- Second Edition. 

" In a neat and concise form are brought together striking and beautiful passa^^es 
from the works of the most eminent divines and moralists, and political and scientific 
writers of acknowledged ability." — Edinburgh Daily Review, 
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The SCIENCE a»d PRACTICE of MEDICINE. 

In 2 vols., demy Svo, cloth, with a Steel Plate, Map, and nearly 
200 Woodcuts. Price 38/- Sixth Edition , thorb$fghfy teidsid and 
enlarged. 

From the amotfnt of additional matter introduced, the two Voltimes of the 
Sixth Edition are, in reality, equivalent to three ; a special fount of type 
having been cast to enable the printer to preserve clearness without 
adding to the bulk of the work. 

The Author has adopted throughoict the New Nomenclature and fol- 
lowed the Order of Classification of Diseases published by the 
Royal College of Physicians in 1869. The Diagrams, illustrative 
df the typical ranges of body- temperature in Febrile Diseases (which 
were given in the third edition of this work, in 1S63, for the first time 
in a Text-book), have been, with few exceptions, re-drawn and cut upon 
a new model. 

Additional Woodcuts have also been introduced, wherever it was thought 
that they would render the descriptions in the text more intelligible. 

In- short, no labc^tir or e^fp^ense has been spared to sustain the well-known 
reputation ol this Work, as '*the Representative Book of the Medical 
Science and Practice of the day.** 
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Opinibns of the Press*. 

" The work is an admirable one, and adapted to the requirements of the Student, 

Professor, and Practitioner of Medicine MaKgnant Choiera is vbr^ fully dis- 

cutoed, and the reader will frnd a targe afflourft of information nxft to be met with in other 

ix>oks, epitomisefd for him in this The part on Medical Geography forms an 

admirable feature of the volumes We know of no work that contains so much, 

or such full and varied, information on all subjects connected with the Science and 
Practice of Medici-Ae.'*— Lft^^tf^ 

" The extraordinary merit of Dr. Aitken'swork The author has miquestionably 

performed a service to the profession of the moart valuable kind. Th« article on 
Cholera undoubtedly offers the most c!lear and satisfactory summary of our knowledge 
respecting that diabase which has 3^t appeared.'*— fVac/i^iower. 

" Altogether this voluminous treatise is a credit to its Author, its Pablisher, and to 

English Physic Affords an admirable and honest digest of the opinions and 

practice of the dsfy Commends i'tseff to its for Sterling vahie, width ol YfctrOspect, 

and fairness of representation." — Medico-Chirurgical Review. 

"The Standard Text-Book in the En>?lish language There is, perhaps, no 

work more indispensable for the Practitioner and Student.** — Edin. Medical Journal. 

" We can say, with perfect confidence, that no medical man in India should be 
without the Sixth Edition of Dr. Aitken's ' Science and Practice of Medicine.' We 
aay the Sixth Edition, because it is full of new matter. The article on Cholera is by far 
the most complete, judicious, and learned summary of our knowledge respecting this 
disease which has yet appeared."— /M<i mm Medical Gazette. 
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Prof. Aitken's Womua-^ctHtiHued.) 

AITKEN CWilliam, M.D., F.R.S.) : OUTLINES 

OF THE SCIENCE AND PRACTICE OF MEPICINE. A Text- 
Book for £tv4eat8. Crown Svo. Cloth» bevelled, 13/6. 

" So CfinipleifM to form % useful .werJc ot n«feren«e. The natural biatory of the 

•principal 4ia<tfiae8, the dUguostic aigns by whiqh they majf he distin[|9i«b«<li together 

with the therapeutic indications, are concisely and systematically |;^ven. The book 

cannot fail to become a popular one, and we cordially recommend it to the notice of 

teachers and students/'-ri^^iKV^. 

" Well-digested^ clc^r, and well-written* the work of a man coi^v^^unt with every 
detail of 'bia syfa^ct, and a (borough master of the art of teaching. — Sriii$h Medical 
Journal. 

" Stitfkiits Mepwing for examinations will bail it aa a perfect godsend for its con- 
ciseness.'*'^ |lft«m»M«i. 

" In respect of both the matter contained, and the manner in which it is conveyed, 

our examioation bfts convinced us that nothing could be better We- know of no 

summary of the use of Electricity as a means of diagnosis equal to that contained 
in the Section on Diseases of the Nervous System.** — Medico-ChtrurgKa^ Review. 

AITKEN(William,M,D.,F.R.S.): The GROWTH 

OF THE RECRUIT, and the Young Soldier, with a view to the 

Selection of ** Growing Lads '* and their Training. Second Edition in 

pre^faration* 

" This little work sboQld be in the bands. of fUl ijittrvctQra.of youth, and all em- 
ployers of youthAil Ubeur.'*— Lancet. 

AITKEN (William, .M.D, F.R.S.) : OUTLINE 

FIGURES OF THE TRUNK OF THE HUMAN B05)y. On 
which to indicate the areas of physical signs in the Clinical Diagnosis 
of Disease. Fqr the use of Students and PraQti^igners of Medicine. 1/6. 
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ANSTED (Prof., M.A., F.R.S.) : GEOLOGY : 

A TREATISE ON. (Circle of the Sciences). Crown 8vo. Cloth, 2/6. 

ANSTED (Prof., M.A., F.R.S.) : NATURAL 

HISTORY QF THE INANIMATE CREATION, recorded in the 
Structure of the Earth, the Plants of the Field, and the Atmospheric 
Phenomena. With numerous lUustrAtions. J^arge post &vq. Clotli>S/6. 

BAIRD (W., M.D., F.L.S., late of the British 

Museum) : 

THE STUDENT'S NATURAL HISTORY; a Dictionary of the Na- 
tural Sciences : Botany, Conchology, Entomology* Geology, Miwgalogy, 
Palaeontology, and Zoology. With a Zoological Chart, showing 
the Distribution and Range of Animal Life, and over two hundred 
and fifty Illustrations. Demy 8vo. Cloth gilt, 10/6. 

" The work is a very useful one, and will contribute, by its cheapness and eompre- 
hensiveness, to foster Uie ejctending taste for Natural Scicnct,'*i:-lVestminifff M^4^iew, 



lo CHARLES GRIFFIN S* COMPANY'S 

NEW AND IMPORTANT WORK. 

A DICTIONARY OF HYGIENE AND PUB- 
LIC HEALTH. By Alexander Wynter Blyth, M.R.C.S., F.C.S., 
etc., Analyst for the County of Devon, and Medical Officer of Health 
for the North Devon Combination of Sanitary Authorities. Medium 
8vo, 672 pp., cloth bevelled, with Map, Diagram, and 140 Illustrations, 
Price 28/- 

GENERAL CONTENTS. 

The Work comprises over Seven Hundred Articles, embracing the 

following subjects: — 

I. — Sanitary Chemistry: the Composition and Dietetic Value 
of Foods, with the latest Processes for the Detection of Adul- 
terations. 

II. — Sanitary Engineering : ' Sewage, Drainage, Storage of 
Water, Ventilation, Warming, etc. 

III. — Sanitary Legislation : the whole of the PUBLIC 
HEALTH ACT, 1875, together with sections and portions of 
other Sanitary Statutes, (without alteration or abridgment, 
save in a few unimportant instances) in a form admitting of 
easy and rapid reference. 

IV. — Epidemic and Epizootic Diseases : their History and Pro- 
pagation, with the Measures for Disinfection. 

V. — Hygiene — Military, Naval, Private, Public, School. 

" The work now offered to the public aims at filling a vacant place in English 
sanitary literature, namely, that of a book of reference which, in one volume of con- 
venient size, shall contain the information on sanitary topics at present only to be 
gathered from the perusal of many se{>arate and distinct treatises. It is not in- 
tended solely and entirely for any particular class. Sanitation is imperial — it con- 
cerns eveiy living unit of the State, and is of equal value to all. Therefore, 
although the special wants of the practical hygienist — ^the medical o£Scer of health 
and public analyst — ^have naturally claimed the first place, and received the attentioa 
which their importance demands, the author has throughout endeavoured to render 
intelligible to non-professional readers also, every subject snsceptible of such treat- 
mtotJ^—Bxtract from Author's Preface, 



Opinions of the Press. 

" The articles on Food and its Adulterations are good, the most recent methods 
of examination being given, and the chemical processes well described." — Lancet. 

" A very important Treatise ... an examination of its contents satisfies ns 
that it is a work which should be highly appreciated."— iif«4M;o-C/»<r»rs'tca/ Review, 

" A work that must have entailed a vast amount of labour and research. . . . 
Will be found of extreme value to all who are specially interested in Sanitation. It 
is more than probable that it will become a Standard Work in Hygijbnb amo 
Public Health." — Medical Times and Gazette. 

"Mr. Blyth has ably filled a void in British Sanitary literature. . . . This 
Standard Work . . . indispensable for all who are interested in Public-Health 
matters, and for all Public Libraries." — Public Health. 

** Contains a n-eat mass of information of easy reference ... a compilation 
carefully made from the best sources. Many of the articles are very good."— .Sant- 
Hry Record, 

" We can cordiallv recommend it as a book of reference to all persons interested 
in Sanitation."— /naia/i Medical Gazette. 

BLYTH (A. Wynter, M.R.C.S., F.C.S.) : A MA- 

NUAL OF PRACTICAL CHEMISTRY, applied to the Analysis of 
Foods and Detection of Poisons. Crown 8vo. {In Preparation)^ 
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THE CIRCLE OF THE SCIENCES: 

A SERIES OF POPULAR TREATISES 

ON THE NATURAL AND PHYSICAL SCIENCES, 

And their Applications. 

BY 

Professors Owen, Ansted, Young and Tennant ; Drs. Latham, Edward 

Smith, Scoffern, Bushnan and Bronner; Messrs. Mitchell, Twisdbn, 

Dallas, Gore, Imray, Martin, Sparling, and others. 

Complete in nine volumes, illustrated with many thousand Engravings on 
Wood. Crown 8vo. Cloth lettered. 5/- each volume. 



Vol. I.— ORGANIC NATURE.— Part I. Animal and Vegetable Physi- 
ology ; the Skeleton and the Teeth ; Varieties of the Human Race, 
by Professor Owen, Dr. Latham, and Dr. Bushnan. 

Vol. 2.— ORGANIC NATURE.— Part II. Structural and Systematic 
Botany, and Natural History of the Animal Kingdom, Invertebrated 
Animals : by Dr. Edward Smith and William S. Dallas, F.L.S. 

Vol. 3.— organic NATURE.— Part III. Natural History of the 
Animal Kingdom, Vertebrated Animals : by William S. Dallas, 
F.L.S. 

Vol. 4.— INORGANIC NATURE.— Geology and Physical Geography 
Crystallography ; Mineralogy ; Meteorology, and Atmospheric Pheno- 
mena, by Professor Ansted, Rev. W. Mitchell, M.A., Professor 
Tennant, and Dr. Scoffern. 

Vol. 5.— practical ASTRONOMY, NAVIGATION, AND NAU- 
TICAL ASTRONOMY, by Hugh Breem, Greenwich Observatory, 
Professor Young, and E. J. Lowe, F.R.A.S. 

Vol. 6.— elementary CHEMISTRY.— The Imponderable Agents 
and Inorganic Bodies, by John Scoffern, M.D. 

Vol. 7.— practical CHEMISTRY.— Monographs^ on Electro- Metal- 
lurgy ; the Photographic Art ; Chemistry of Food and its Adultera- 
tions; and Artificial Light; by George Gore, Birmingham, John 
Scoffern, M.D., Dr. Edward Bronner, Bradford, Marcus Sparling, 
and John Martin. 

Vol. 8.— mathematical SCIENCE.— Philosophy of Arithmetic; 
Algebra and its Solutions ; Plane Geometry ; Logarithms ; Plane and 
Spherical Trigonometry; Mensuration and Practical Geometry, with 
use of Instruments, by Prof. Young, Rev. J. F. Twisden, M.A., Sand- 
hurst College, and Alexander Jardine, C.E. 

Vol. 9.— mechanical PHILOSOPHY.— The Properties of Matter, 
Elementary Statics; Dynamics; Hydrostatics; Hydrodynamics; Pneu- 
matics; Practical Mechanics; and the Steam Engine, by the Rev, 
Walter Mitchell, M.A., J. R. Young, and John Imray. 
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THE CIRCLE OF THE SCIENCES, 

In Separate Treatises. Cloth. 



z« AN«rBD*s QefAogy and Pfa^ical Qvograjphy^ .- • 
^,- Brbrm's Practical Astronomy « . « • 

3. Bronnek and ScoppsftN^s Chetnistry of Food' and Dl^ 

4. Bushnan's Physiology of Animal and Vegetable Life 

5. Gore's Theory and Practice of Electro-Deposition 

6. Imray*s Practical Mechanics ....»• 

7. Jardine's Practical Geometry . . • . 

8. Latham's Varieties of the Human Species . 
9^ MiTckiBLL & TEimANt*6 Cry»t9(Uoigrarpliy ift^: Miaeralegy 

ro. Mitchell's Properties of Matter and ISitmetitatf Statics 
It. OwEN''s Principal fomti of the Sketeron awd t!ie Teeth 
12. Scoffern's Chemistry of Light, Heat and Electricity 
13^ Scoffern's Chemistry of the Inorganic Bodies 
ri^. Sci>PPERN*s Chemistry of Artificial Light 
15. ScoFFfeRN and Lowte's Practical Meteorology 
r^- Smith's Introduction to Botany : Structural & Systematic 
%j%> Twtb&EN's Plane ai«i Spherical Trigbftdmetfy 

18. TwisDEN on Logarithms « • 

1^. Yt)tr»G's Elements of Algebra. . . ^ . 
20. Young's Solutions of Questions in Algebra' . • 
31. Young's Navigation and Nautical Astronomy • 
^^ YbX)NG*s Plane Geometry . . . • • 

23. YbtJKG's Simple Arithmetic 

24. Young's Elementary Dynamics • • • • 
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DALLAS (W. S., F.L.S.): 

A POPULAR HISTORY OF THE ANIMAL CREATION : being 
a Systematic amd Popular Description of the Habits, Structure and 
Classification of Animals. With coloured Frontispiece and many 
hundred Illustrations. Crown 8vo. Cloth,. 8/6. New Edition. 
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DOUGLASS TELEGRAPH CONSTRUCTION. 

Published with the Approval of the Director-General of Telegraphs in India, 

A MANUAL OF TELEGRAPH CONSTRUC- 

TION : The Mechanical Elements of Electric Telegraph Engineering. 
For the use of Telegraph Engineers ^nd others. By John Christie 
Po.UCi«AS, Society of Telegraphic Engineers, East India Government 
Telegraph Department, &c. With niuaticous Diagrams. Crown 8vo. 
Cloth, bevelled, 15/- Second Edition, with A^p4ndicc$ and Copious 
Index, now ready* 

GENERAL CONTENTS, 
Part I.-*^£N£fUL Principles qf Strength and 

Stability, comprising the Strength of Materials; the Dis> 
tributiop ojf Load and Stress in Telegraph Structures, such as- 
Poles — sin>ple, strutted, tied, ^ay^d, coupled, and trussed'; 
the Catenary, with application of its Formulae to the cases- 
of Wires and Cables; Theory of the Submersion of 
Cables, &c. 

Part II.— Properties and Applications of Mate- 
rials, Operations, and MAiiif?^LATiQN, including the Prin* 
ciples and Practice of, and Nuineripal Data for, designing 
Simple Structures, such as Poles of Iron and Wood ; Iron and 
Wooden Masts— -simple and CQxn|>pund; Specifications for 
Wire, &c. ; Soldering ; Surveying ; the R^ing of Heavy 
Masts ; Insulating Materials and their Applications, &c. 

Part III. — Telegraph Construction, Maintenance 

AND Organisation, treating of the Application of the In- 
formation conveyed in Parts I and II.. to the case of Combined 
Structures, including the Construction of Overground, Subter- 
ranean, and Subaqueous Lines ; Office Fittings ; Estimating; 
Organisation, 4^c. 

" Mr. Douglas deserves the thanks of Telegraphic Engineers for the excellent 

* Manual ' now before us .... he has ably supplied an i;x}ating want 

the subject is treated with great cleavness and judgment .... good practical 
information given in a dear, terse style." — Engineering. 

"Mr. Douglas's work is, we believe, the first of its kind. . • • The author is 

evidently a practical Telegraphic Engiineer Tlic amount of inibrmation 

given is such as to render this volume a most useful guide to any one who may be 
engaged in any branch o4 Electric-Telegraph Ettgineeriag."— *^f^WM»«Mm. 

*' The book is calculated to be of groat service to Telegraphic Engineers. . . . 
the arrangement is so judicious that with the aid of the full table of cootents, reference 
t04ny ^)>ej:ial point should be efi^y."<!— ^roM. 



GRIFFIN (John Joseph, F.R.S.) : 

CHEMICAL RECREATIONS: A Popular Manual of Experi- 
mental Chemistry. With 540 Engravings of ^p^atus* Crown 4to. 
Cloth. Tenth Edition, 

Part I. Elementary Chemistry* price 2/- 

Part II. The Ch«fiw&try of the Non-Metallic £I«KikfiQj», inckding a 
Comprehef^sive Course of Class Exp^ments, price 10/6. 
.Or» complete ui oee. vQlttinQ« dpUv fiUt tpi^. ij}/& 
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LEAKED (Arthur, M.D., F.R.C.P., Senior Phy- 

sician to the Great Northern Hospital) : 

IMPERFECT DIGESTION : Its Causes and Treatment. Post 8vo. 
Cloth, 4/0. Sixth Edition. 

** It now constitutes about the best work on the subject." — Lancet. 

** Dr. Leared has treated a most important subject in a practical spirit and popular 
manner." — Medical Times and Gazette, 

'* A useful manual of the subject upon which it treats, and we welcome it as an 
addition to our Medical Literature." — Dublin Quarterly Journal 0/ Medical Science. 



MOFFITT (Staff-Assistant-Surgeon A., of the 

Royal Victoria Hospital, Netley) : 

A MANUAL OF INSTRUCTION FOR ATTENDANTS ON 
THE SICK AND WOUNDED IN WAR. Published under the 
sanction of the National Society for Aid to the Sick and Wounded in 
War, With numerous Illustrations. Post 8vo. Cloth, 5/- 

" A work by a practical and experienced author. After an explicit chapter on the 
Anatomy of the Human Body, directions are given concerning bandaging, dressing of 
sores, wounds, &c., assistance to wounded on field of action, stretchers, mule litters, 
ambulance, transport, &c. All Dr. MofiBtt's instructions are assisted by well executed 
illustrations." — Public Opinion. 

" A well written volume. Technical language has been avoided as much as possible, 
and ample explanations are afforded on all matters on the uses and management of 
the Field Hospital Equipment of the British Army." — Standard, 



NAPIER (James, F.R.S.E., F.C.S.): 

A MANUAL OF ELECTRO-METALLURGY. With numerous 
Illustrations. Crown 8vo, cloth, 7/6. Fifth Edition ^ revised and 
enlarged, 

GENERAL CONTENTS. 



I.— History of the Art. 
II. — Description of Galvanic Bat- 
teries and their Respective 
Peculiarities. 
III. — Electrotype Processes. 
IV. — Bronzing. 

V. — Miscellaneous Applications of 
the Process of Coating with 
Copper. 



VI. — Deposition of Metals upon one 

another. 
VII. — Electro-Plating. 
Vin. — Electro-Gilding. 
IX. — Results of Experiments on the 
Deposition of other Metals as 
Coatings. 
X. — Theoretical Observations. 



" A work that has become an established authority on Electro-Metallurgy, an art 
which has been of immense use to the Manufacturer in economising the quantity of 

the precious metals absoibed, and in extending the sale of Art Manufactures 

We can heartily commend the work as a valuable handbook on the subject on which 
it treats." — Journal of Applied Science. 

"The fact of Mr. Napier's Treatise having reached a fifth edition is good 

evidence of an appreciation of the Author's mode of treating his subject A 

very useful and practical little Manual." — Iron. 

^ "The Fifth Edition has all the advantages of a new work, and of a proved and tried 
friend. Mr. Napier is well-known for the carefulness and accuracy with which he writes 
• * u' ^**®" is a thoroughness in the handling of the subject which is far from general 
in these days . . . The work is one of those which, besides supplying first-class 
information, are calculated to inspire invtn^on."— Jeweller and Watchmaker, 
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NAPIER (James, F.R.S.E,, F.C.S.) : 

A MANUAL OF THE ART OF DYEING AND DYEING RE- 
CEIPTS. Illustrated by Diagrams and Numerous Specimens of Dyed 
Cotton, Silk, and Woollen Fabrics. Demy 8vo., cloth, 21/-. Third 
Edition t thoroughly revised and greatly enlarged. 

GENERAL CONTENTS: - 

Part L— HEAT AND LIGHT : 

Their effects upon Colours, and the changes they produce in 
many Dyeing Operations. 

Part II.— A CONCISE SYSTEM OF CHEMISTRY, with special 
reference to Dyeing : 

Elements of Matter, their physical and chemical properties, 
producing in their combination the different Acids, Salts, &c., 
in use in the Dye-House. 

Part III.— MORDANTS AND ALTERANTS : 

Their composition, properties, and action in fixing Colours 
within the Fibre. 

Part IV.— VEGETABLE MATTERS in use in the Dye-House : 

ist, those containing Tannin, Indigo, &c. ; 2ndly, the various 
Dyewoods and Roots, as Logwood, Madder, Bark, &c. 

Part V.— ANIMAL DYES : 

Cochineal, Kerms, Lac, &c. 

Part VI.— COAL-TAR COLOURS: 

Their Discovery, Manufacture, and Introduction to the Dyeing- 
Art, from the discovery of MAUVE to ALIZARIN. 

APPENDIX.— RECEIPTS FOR MANIPULATION : 

Bleaching; Removing Stains and Dyes; Dyeing of different 
Colours upon Woollen, Silk, and Cotton Materials, with 
Patterns. 

" The numeroas Dyeing Receipts and the Chemical Information furnished will be 

exceedingly valuable to the Practical Dyer a Manual of necessar;' 

reference to all those who wish to master their trade, and keep pace with the scientific 
discoveries of the time." — Journal of Applied Science. 

"In this work Mr. Napier has done good service being a Practical Dyer 

himself, he knows the wants of his confrires the Article on Water is a very 

valuable one to the Practical Dyer, enabling him readily to detect impurities, and 

correct their action The Article on Indigo is very exhaustive the Dyeing 

Receipts are very numerous, and well illustrated." — Textile Manufacturer. 



PHILLIPS Qohn, M.A., F.R.S., F.G.S., late Pro- 

fessor of. Geology at the University of Oxford). 

A MANUAL OF GEOLOGY : Practical and Theoretical. Revised 
and Edited by Robert Etheridge, F.R.S., F.G.S., of the Museum of 
Practical Geology. {In Preparation), 
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PHILLIPS (J. Arthur,M.Inst.C.E.,F.C.S.,F.G.S., 

Ancien Eleve de FEeoIe dss Mines, Paris) : 

ELEMENTS OF METALLURGY: A Practical Treatise on the 
Art of Extracting Metals from their Ores. With over two hundred 11- 
lustraticms, many of which have been reduced from Working Drawings. 
Royal 8vo, 764 pages, cloth, 34/- 

GENERAL CONTENTS : 

L — A Treatise on Fuels and Rbfractosy Materials. 

IL — A Deacsiptioii of tbe principal Metalliferous Minerals, with 
their Distribution. 

IIL — SflTATiSTics of the amount of each Metal annually produced 
throughout the World, obtained from official sources, or, 
where this has not been practicable, from authentic private 
informaftiDn. 

IV. — The Methods of Assattko the different Ores, together with 
the Proces&es of Metallurgical Treatment, comprising : 
Iron, Cobalt, Nickel, Aluminium, Copper, Tin, Antimony, 
Arsgioc, 2inc, Mercury, Bismuth, Lead, Silver, Gold 
and Platinum. 

** Itt tkit itMOt mefnl and baadsome voliine Mr. Plitlltps has condensed a large 

amount of valuable practical knowledge We have not onlv the results of scientific 

inquiry nest cautiooaty- vet forth, bat the experiences of a thoroughly practical man, 
very clearly giwea.'*— A/A«iMBtMrti. 

" For twenty years the learned author, who might well have retired with honour 
on account of his acknowledged success and high character as an authority in Metal- 
lurgy, has been making notes, both as a Mining Engineer and a practical Metallurgist, 
and devoting the most valuable portion of his time to the accumulation of materials 
for this, his Masterpiece. There can be no possible doubt that ' Elements of Metal> 
lurgv* will be eagerly sought for by Students in Science and Art, as well as by Practi- 
cal Workers in Sietais Two hundred and fifty pages are devoted exclusively to 

the Metallurgy of Iron, in which every process of manufacture is treated, and the 
latest improvements accurately detailed." — Colliery Guardian. 

" The value of this woidc is aimost ineatknable. Therecan be no ^estion that the 

amount of time and htbour bestowed on it is enormous There is certainly no 

Metallurgical Treatise in the language calculated to prove of auch general utility to 
the Student really seeking sound practical information upon the subject, and none 
which gives greater evidence of the extensive metallurgical knowledge of its author.** 
—Mining Journal, 



PORTER: (Surgeon-Major J. H., Assistant- 

Professor of Military Surgery in the Army Medical School, Hon. Assoc, 
of the Order of St.. John of Jeru«aicm] : 

THE SURGEON^S 1*OCKET-BOQK 1 An Essay on the Best Treat- 
ment of tke Wounded in War ; for which a Prize was awarded hy Her 
Majesty the Empress of Germany. Specially adapted to the Public 
Medical Services. With num c f ou s IHtrstrations, i6mo, roan, 7/6. 

"Just such a work as has long been wanted, in which men placed in a novel 
position, can find out quid»ly what is best to be dose. We atvonf I7 recommend it to 
every officer in the PuUic Medical Service8."--Prac#rfto*»w. 

" A complete vade memm t» guide the militaay anrcMO aa tbe &^AJ*— British 
Medical Journal. 

" A cspitail little bode . . . of the greatest practical value. . . . A surgeon 
with this -ManuAl in ftia podiet beeoaicB a man m nMUvc»*t nintr **~- Westminster 
Review. 
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SCIENTIFIC MANUALS 

BY 

W. J. MAOQUOM RANKINE, O.E., LL.D., F.R.S., 

Late Regius Professor of Civil Engineering in the University of Glasgow. 



I.— RANKINE (Prof.): APPLIED MECHANICS 

(A Manual of) ; comprising the Principles of Statics and Cinematics, 
and Theory of Structures, Mechanism and Machines. With numerous 
Diagrams. Revised by E. F. B amber, C.E. Crown 8vo. Cloth, 12/6. 
Ninth Edition. 

'* Cannot fail to be adopted as a text-book The whole of the information 

80 admirably arranged that there is every facility for references" — Mining Journal. 

II.— RANKINE (Prof.): CIVIL ENGINEERING 

(A Manual of} ; comprising Engineering Surveys, Earthwork, Founda- 
tions, Masonry, Carpentry, Metal-work, Roads, Railways, Canals, 
Rivers, Water-works, Harbours, &c. With numerous Tables and Illus- 
trations. Revised by E. F. Bamber, C.E. Crown 8vo. Cloth, 16/- 
Twelfth Edition. 

" Far surpasses in merit every existing^ work of the kind. As a Manual for the 
hands of the professional Civil Engineer it is sufficient and unrivalled, and even when 
we say this we fall short of that high appreciation of Dr. Rankine's labours which we 
should like to express." — The Enginur, 

III.— RANKINE (Prof.): MACHINERY AND 

MILL WORK (A Manual of); comprising the Geometry, Motions, 
Work, Strength, Construction, and Objects of Machines, &c. Illus- 
trated with nearly 300 Woodcuts. Revised by E. F. Bamber, C.E. 
Crown 8vo. Cloth, 12/6. Third Edition. 

"Professor Rankine's 'Manual of Machinery and Millworic* iakfy maintains the 
high reputation which he enjoys as a scientific author; higher praise it is difficult to 
award to sMJjf book. It cannot nil to be a laai«m to the feet of every engineer." — The 
Engineer. 

IV.— RANKINE (Prof.): The STEAM ENGINE 

and OTHER PRIME MOVERS (A Manual of). With Diagram 
of the Mechanical Properties of Steasi, numerotts Tables and 
Illustrations. Revised by £. P. Bamber, C.E. Crown 8vo. Cloth, 
12/6. Eighth Edition. 

v.— RANKINE (Prof.): USEFUL RULES and 

TABLES. For Architects, Builders, Carpenters, Coachbuilders, En- 
gravers, Engineers, Founders, Mechanics, Shipbuilders, Surveyors, 
Wheelwrights, &c. Crown 8vo. Cloth, 9/- Fi/th Edition. 

** Undoubtedly the most oaefal coilectian of en^oeedag data hitherto produced.**— 
Mining you^nal. 

VI.— RANKINE (Prof.): A MECHANICAL 

TEXT-BOOK. By Professor Macquorn Rankinb& E.F. Bamber, C.E. 

With numerous Illustrations* Crown 8vo. Cloth, 9/- Second Edition. 

" The vcM-k, as a whole, is very complete, and likely to prove invaluable for furnish- 
ing^aoaeftil and reliable outline of the subjects treated of.** — Mining JournxU. 
*^* The MitcHAMiCAL TBXT-BooK focms a simple latroduction to ritop. RAMKiiiA's sbribs 

of MANUALS on BMOINBBRINO and MECHANICS 
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SHELTON (W. Vincent, Foreman to the Imperial 

Ottoman Gun-Factories, Constantinople). 

THE MECHANIC'S GUIDE: A Hand-book for Engineers and 
Artizans. With Copious Tables and Valuable Recipes for Practical 
Use. Illustrated. Crown 8vo, cloth, 7/6. 



Part V. — Wheel and Screw- 
Cutting. 

Part VI. — Miscellaneous Sub- 
jects. 

Part VII. — The Steam-Engine. 

Part VIII. — The Locomotive. 



GENERAL CONTENTS: 
Part I. — ^Arithmetic. 
Part II. — Geometry. 
Part III. — Mensuration.' 

Part IV. — Velocities in Boring 
and Wheel-Gearing. 

' The Mechanic's Guide will answer its purpose as completely as a whole series 
of elaborate text-books." — Mining Journal. 

'* Ought to have a place on the bookshelf of every mechanic." — Iron. 

" Much instruction is here given without pedantry or pretension." — Builder. 

" A sine gud non to every practical Mechanic." — Railway Service Gazette. 

*i^* This Work is specially intended for Self -Teachers, and places before the Reader 
a concise and simple explanation of General Principles, together with Illustrations of 
their adaptation to Practical Purposes. 

THOMSON (Spencer, M.D.,L.R.C.S., Edinburgh): 

A DICTIONARY of DOMESTIC MEDICINE and HOUSEHOLD 
SURGERY. Thoroughly revised and brought down to the present state 
of Medical Science. With an additional chapter on the Management 
of the Sick Room ; and Hints for the Diet and Comfort of Invalids. 
Many Illustrations. Demy 8vo, 750 pages. Cloth, 8/6. Thirteenth 
Edition, 

" The best and safest book on Domestic Medicine and Household Surgery which 
has yet appeared." — London Journal of Medicine. 

" Dr. Thomson has fully succeeded in conveving to the public a vast amount of 
useful professional knowledge." — Dublin Journal of Medical Science. 

" Worth its weight in gold to families and the clergy." — Oxford Herald, 

WYLDE Qames, formerly Lecturer on Natural 

Philosophy at the Polytechnic): 

THE MAGIC OF SCIENCE: A Manual of Easy and Amusing 
Scientific Experiments. With Steel Portrait of Faraday and many 
hundred Engravings. Crown 8vo. Cloth gilt, and gilt edges, 5/- Third 
Edition, 

" Of priceless value to furnish work for idle hands during the holidays. A 
thousand mysteries of Modern Science are here unfolded. We Team how to make 
Oxygen Gas, how to construct a Galvanic Battery, how to gild a Medal by Electro- 

flating, or to reproduce one by Electrotyping, how to make a Microscope or take & 
'hotograph, while the elements of Mechanics are explained so simply and clearly 
that the most unmechanical of minds must understand them. Such a work is 
deserving of the highest praise." — The Graphic. 

" To those who need to be allured into the paths of natural science, by witnessing 
the wonderful results that can be produced by well-contrived experiments, we do not 
know that we could recommend a more useful vol\xmt.''*—Athenteum, 
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Educational Works. 



BRYCE (Archibald Hamilton, D.C.L., LL.D., 

Senior Classical Moderator in the University of Dublin) : 

VIRGILII OPERA. Text from Heyne and Wagner. English 
Notes, original, and selected from the leading German, American 
and English Commentators. Illustrations from the antique. Com- 
plete in One Volume, fcap. 8vo., cloth, 6/- Twelfth Edition, 

Or, in Three Parts : 

Part I. Bucolics and Georgics • . • . 2/6 

Part II. The ^neid, Books I. — ^VI 2/6 

Part III. The ^neid. Books VII.— XII. . . 2/6 

" Contains the pith of what has been written by the best scholars on the subject* 
The notes comprise everything that the student can want." — A thenaum. 

" The most complete, as well as elegant and correct, edition of Virgil ever published 
in this country." — Educational Times. 

" The best commentary on Virgil which a student can obtain.** — Scotsman. 

COBBETT (William) : ENGLISH GRAMMAR 

in a Series of Letters, intended for the use of Schools and Young Per* 
sons in general. With an additional Chapter on Pronunciation, hy the 
Author's Son, James Paul Cobbett. Fcap. 8vo. Cloth, 1/6. {The 
only correct and authorized Edition), 

" A new and cheapened edition of that most excellent of all English Grammars, 
William Cobbett's. It contains new copyright matter, as well as includes the equally 
amusing and instructive * Six Lessons intended to prevent statesmen from writing in 
an awkward manner.'" — Atlas. 

COBBETT (William) : A FRENCH GRAMMAR. 

Fcap. 8vo. Cloth, 3/6. Fifteenth Edition, 

" ' Cobbett's French Grammar * comes out with perennial freshness. There are 
few grammars equal to it for those who are learning, or desirous of learning, French 
without a teacher. The work is excellently arranged, and in the present edition we 
note certain careful and wise revisions of the text/' — School Board Chronicle. 

" Business men commencing the study of French will find this treatise one of the 
best aids It is largely used oq the Continent." — Midland Counties Herald. 

COBBETT (James Paul): A LATIN GRAM- 

MAR. Fcap. 8vo. Cloth, 2/- 

COLERIDGE (Samuel Taylor) r A DISSERTA- 

TION ON THE SCIENCE OF METHOD. (Encyclopedia Metro^ 
politana.) With a Synopsis. Crown 8vo. Cloth, 2/- Ninth Edition,. 
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CRAIK'S ENGLISH LITERATURE. 

A COMPENDIOUS HISTORY OF ENGLISH LITERATURE AND 
OF THE ENGLISH LANGUAGE from the Norman Conquest. 
With numerous specimens. By George Lillie Craik, LL.D., late 
Professor of History and English Literature, Queen's College, Belfast. 
In two vols. Royal 8vo. Handsomely bound in cloth, 25/- ; full calf, 
gilt edges, 37/6. New Edition* 

GE.NERAL CONTENTS. 
Introductory* 
I. — The Norman Period — The Conquest. 

IL — SscoND English — commonly called Semi^Sanm. 

III. — Third English — Mixed, or Compound English. 

IV. — Middle and Latter Part of the Sevemts&nth Century. 

, V. — The Century between thb English Revolution and the 
French Revolution. 

VI. — ^The Latter Part op the Eighteenth Century. 

VII. — The Nineteenth Century: (a) The Last Age of the 

GEORtxSS. 

{b) The Victoaian Age. 

With numerous Excerpts and Specimens of Style, 

" Anyone who will take- the trouble to asceittio tfae-fact, will find how completely 
even our great poets and other writers of the last generation have already faded from 
th« view of the present with the most numerous class o£ the educated and reading 
public. Scarcely anything is generaUy read except the pubUcatioiSB of the day. Ybt 

KOTHIKO. IS MORE CXRTAIN THAN THAT NO T&VB CUI.TIVAT-IOM.CAN BB SO ACQUIRED. 

This is the extreme case of that entire ignorance of history which has been affirmed, 

not with more point than tnith, to leave a person always a child'. 

** The present work combines the History op the LxTBKATum with the His- 
tory OP THE Langdage. The scheme of tbe course and revolutions of the Lan- 
guage which is followed here is extremely simple, and resting not upon arbitrary, but 
nfRHi natural ot read distinctions, gives us the only vi«w of tke subject that can claim 
tvbe regsndttd as of a scientific chax9JcXetJ"^BKtraotf9x>m tke AiUhin^i Prefext. 

** Prmessor CFaik*s book going^, as it does, thnmgh the whole historvof the langnage, 
probably takes a place (juite by itself. The great vidue of the book is its thorough 
comprehensiveness. It is always clear and straightforward, and deals not in theories 
but in facts.!' — Saturd^ty Review, 

CRAIK (ProfJ: A MANUAL OF ENGLISH 

LITERATURE, for the Use of Colleges, Schools and Civil Service 
Examinations* Sielected from the larger work, by Dr.. Craik. Crown 
Svo. Cloth, 7^. Swmth Editiom, 

" A Mamnl of BngHeh Literatire from eor mptnie i it ed and w«ll-TeBd a scholar as 
Professor Craik needs bo other recommeatdadon thaa-the mention of its- existence." — 
Spectator. 

" This augmented effort will be, we doubt not, received with decided approbation 
by those who are entitled to judge, and studied with much profit by those who want to 

letfrn If onnvMag. readexs will give hesdthy pexusal to Dr. Craik'a wock, they 

wil) greatly benefit by the \ndt and scund views he has placed before them."* — 
Athenaum. ^ 

CRUTTWELL (Charles Thomas, M.A.) : A 

HANDBOOK OF SPECIMENS OF LATIN AUTHORS (Ptose- 
Writers and Poets) from* the Earliest Period to the Latest, chronologi- 
cally arranged. Crown 8vo. {In P'repnraUon). 
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CRUTTWELL (Charles Thomas, M.A., Fellow 

of Morton CoUege, Oxford ; Head Master of Bradfidd College) : 

A HISTORY OF ROMAN LITERATURE, from the Earliest 
Period to the Times of the Antonines. With Chronological Tables 
and TssT-QuEJSTiONS, for the Use of Students preparing for Examina- 
troRS. Crown 8vo., Cloth, 8/6. Second Edition, 

"Mr. CR.UTTWELL has done a real service to all Students of the Latin Language 
and Literatupe. . . . Full oi good scholarship and good criticism." — Athenaum, 

" A.nu»at aervix»!able — indeed, indispensabtie — guide tor the Student. . . . The 
' general reader' will be both charmed and instructed." — Satta^day E£view. 

" 1 he Author undertakes to make Latin Literature interesting, and he has suc- 
ceeded. There it BOt. a. duU page in the volume." —A cademy. 

** The great mertr of the work is its fulness and accuracy." — Guardian, 

" triMB elaborate aad uery caj?eful work ... in every respect of high merit. 
Nothing at.ail equal to ijt has hitherto been published in England." — British Quarterly 
Review. 



CURRIE Qoseph, formerly Head Classical Master 

of Glasgow Academy) : 

HORATII OPERA. Text from Ore llius. English Notes, original, 
aad selected from the best Commentators. Illustrations fxxxra the an- 
tique. Complete in One Volume, fcap. Svo., cloth, 5/- 

Or^ in Two Parts : 

Part I. Cajimima 3/- 

Part II. Satires and Epistles .. 3/- 

" The notes are excellent and exhaustive." — Quasfterly Journal of Education, 

CURRIE (Joseph) : EXTRACTS FROM 

CiESAR^S COMMENTARIES; containing his description of Gaul, 
Britain and Germany. With Notes, Vocabulary, &c. Adapted for 
Young Scholars. i8mo. Cloth, 1/6. Fourth Edition* 

D'ORSEY (Rev. Alex. J. D., B.D., of Corpus Christi 

Coll., Cambridge, Lecturer at King's Coll., London) : 

SPELLING BY DICTATION ; Progressive Exercises in English 
Orthograrpby, for Schools and Civil Service ExammatlriGns. i8mo. 
Cloth, i/< Fiftsmth Thousands 

FLEMING (William, D.D., late Professor of 

Moral PhiljDfiophy in the Univetsity of GdaFgow) : 

TH!E VOCABULARY OF FHILOSOPHY: Menttal, Moral, 
AND Metaphysical. With Quotations and References for the Use of 
Students. Revised andEdited by Henry Cali>brwood» LI^D., Pro- 
fessor of Moral Philosophy in the University of Edinbuiigh. Crown 
Svo. Cloth bevelled, 10/6. Third Edition, enlarged, 

" An admirable book. ... In its present shape will be welcome, not only to 
Students, but to many who have ton^ since passed out of the daas of Students, 
popularly so calle J." — Scotsman. 

^ The additions "iv the Editor bear in their clear, concise, vtKorotra expression the 
stamp of his powernii intellect, and thorough conunand of our MMignagc. More than 
ever, the work is now likely to have a prolonged and useful existence, and to facili- 
tate .the researches of those entering upon philosophic S\Miit%,"—^W«Uby tSjKoiew, 

" A valuable addition to a Student's Library."— ra6i</. 
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McBURNEY (Isaiah, LL.D.): EXTRACTS 

FROM OVID'S METAMORPHOSES. With Notes, Vocabulary, &c. 
Adapted for Young Scholars. i8mo. Cloth, i/6. Third Edition, 

COBBIN'S MANGNALL: 

MANGNALL'S HISTORICAL AND MISCEL- 
LANEOUS QUESTIONS, for the Use of Young People. By Richmal 
Mangnall. Greatly enlarged and corrected, and continued to the pre- 
sent time. By Ingram Cobbin, M.A. i2mo. Cloth 4/- Forty-eighth 
Thousand. New Illustrated Edition, 

MENTAL SCIENCE: SAMUEL TAYLOR 

COLERIDGE'S CELEBRATED ESSAY ON METHOD; Arch- 
bishop Whately*s Treatises on Log^ic and Rhetoric. Crown 8vo. 
Cloth, 5/- Tenth Edition, 



WORKS BY WILLIAM RAMSAY, M.A., 

Trinity College, Cambridge, late Professor of Humanity in the University of Glasgow. 

A MANUAL OF ROMAN ANTIQUITIES. 

For the use of Advanced Students. With Map, 130 Engravings, 
and very copious Index. ■ Revised and enlarged, with an additional 
Chapter on Roman Agriculture. Crown 8vo. Cloth, 8/6. Tenth Edi^ 
Hon* 

GENERAL CONTENTS. 

L — The Typography of Rome. 

IL — The Origin of the Roman People ; their Political and Social 

Organization ; Religion ; Kalendar ; and Private Life, 
in. — General Principles of the Roman Constitution ; the Rights of 

Difierent Classes; the Roman Law and Administration of Justice. 

IV. — The Comitia ; Magistrates ; the Senate. 

V. — Military and Naval Affairs ; Revenues ; Weights and Measures ; 
Coins, &c. 

VI. — Public Lands ; Agrarian Laws ; Agriculture, &c. 

" Comprises all the results of modem improved scholarship within a moderate 
zom^^&s, —Athenceum, 

RAMSAY (Prof.) : AN ELEMENTARY 

MANUAL OF ROMAN ANTIQUITIES. Adapted for Junior 
Classes. With numerous Illustrations. Crown 8vo. Cloth, 4/- Sixth 
Edition, 

RAMSAY (Prof.): A MANUAL OF LATIN 

PROSODY. Illustrated by Copious Examples and Critical Remarks. 
For the use of Advanced Students. Revised and greatly enlarged. 
Crown 8vo. Cloth, 5/- Sixth Edition, 

" There is no other work on the subject worthy to compete with it." — Athemeum, 

RAMSAY (Prof.) : AN ELEMENTARY 

MANUAL OF LATIN PROSODY. Adapted for Junior Classes. 
Crown 8vo. Cloth, 2/- 
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THE SCHOOL BOARD READERS: 

A New Series of Standard Reading Books. 
Edited by a former H.M. INSPECTOR of SCHOOLS. 

Recommended by the London School Board. 
. And adopted by many School Boards throughout the Country, 
*»* AGGREGATE SALE, igOjOOO COPIES. 



Elementary Reading Book, Part I. — Containing Lessons s. d, 
in all the Short Vowel Sounds. Demy i8mo., 16 pages. 
In stiff wrapper ox 

Elementary Reading Book, Part II. — Containing: the 
Long Vowel Sounds and other Monosyllables. Demy 
i8mo, 48 pages. In stiff wrapper o 3 

Standard I. — Containing Reading, Dictation, and Arith- 
metic. Demy i8mo, 96 pages. Neat cloth . . .04 

Standard II. — Containing Reading, Dictation and Arith- 

metic. Demy i8mo, 128 pages. Neat cloth . .06 

Standard III. — Containing Reading, Dictation and Arith- 
metic. Fcap. 8vo, 160 pages. Neat cloth . . .09 

Standard IV. — Containing Reading, Dictation and Arith- 
metic. Fcap. 8vo, 192 pages. Neat cloth . . . . x o 

Standard V. — Containing Reading, Dictation and Arith- 
metic, with an Explanation of the Metric System and 
numerous Examples. Crown 8vo, 256 pages. Neat 
cloth X 6 

Standard VI. — Containing Selections from the best English 
Authors, chronologically arranged (Chaucer to Ten- 
nyson), Hints on Composition, and Lessons on Scien- 
tific Subjects. Crown 8vo, 320 pages. Neat cloth . 2 o 

Key to the Questions in Arithmetic, in two parts, each o 6 

** The genera] conception is sound, and the execution praiseworthy. The selections 

seem, on the whole, happily and judiciously made in the sixth and last volume 

we have an excellent chronological selection from our English classics By the 

time the scholar has mastered the Series, he ought to have a fairly suggestive know- 
ledge of English literature. The treatise on composition is brief, but satisfactory; 
and the books generally are very much what we should desire." — Times. 

" The Series is decidedly one of the best that have yet appeared."— i4//(«M<?Mm. 
"There are no better reading-books published. The advanced books are gems. 
The Series reflects great credit on both editor and publisher." — Educational Reporter, 
" The Series has been very carefully and judiciously prepared."— Examiner. 
^ " The choice of matter is excellent, and so are the method and style. We begin 
with wholesome stories, poems, and lessons on natural history, brightened with wood^ 
cuts ; and we go on to matters of general information and useful knowledge in a very 
attractive shape, till we arrive at a point which ought to turn the pupil out into the 
world a good reader, a lover of good reading, and an intelligent member of society." — 
School Board Chronicle, 
*«* Each book of this Series contains within itself all that is necessary to 
fulfil the requirements of the Revised Code^ viz, : Readings Spelling and 
Dictation Lessons, together with Exercises in Arithmetic j for the whole 
year. The paper, type and binding are all that can be desired. 
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THE SCHOOL BOARD MANUALS: 

(On thb Specific Subjects op the Retised Code). 

By a former H.M. INSPECTOR OF SCHOOLS. 

Editor of the " School Board Readers.^ 

Recommendsd by the London School Bjoard, and used in many 

Schools throughout the Country. 

Price 6d, each in stiff wrapper ; cloth neat, yd. 

I* ALGEBRA. — In this book, which is adapted to Standards IV., 
v. and VI., everything is explained (in accocdance with the 
Pestalozzian system) upon Jirst principles, and the examples 
are, as far as possible, taken from concrete nitaibers. Abun- 
dance of examples are given, graduated by easy stages. 

II. ENGLISH HISTORY.— This book is exactly suited to the 
requirements of the Code for Standards IV., V. and VI. the 
chief events of importance being given in detail, and the general 
landmatriss of history in hmL Copious Tables sse added. 

III. GEOGRAPHY. — Contains aH that is necessary for passing in 
Standards IV., V. and VI. 

IV. PHYSICAL GEOGRAPHY.^Conteotg : Figure of the Earth 
— Mountain Systems — Ocean Currents — Atmospheric Phe- 
nomena — Trade Winds — Distribution of Plants, Animals, and 
Races of Men, &c. 

V. ANIMAL PHYSIOJLOGY.-<;oxit©nts: Classification of Ani- 
mals — the Human Skeleton — Bones, Muscles, Skin, Hair, and 
Nails — Digestion, Circulation, Respiration, Secretion, and Nu- 
trition — the Nervous System—-'the Senses. Illustrated by good 
Engravings. 

VI. BIBLE HISTORY.-^Conievts: NasMR».IXbvisions, and His- 
tory of the Bible — Analysis of the Old aod. New Tiytaments — 
Geography of Palestine — Tables of Measures, &c. 

\* 7/ is hoped tka^ this -b^oh mU ^p^gm ^vmctaH^ in the 
simdyoftht Sa^tsuresi. Allsomtriywrsia^ f^mts have h^mt care- 
£ullv avoiidfid 

" These .•imple and welUgraditfttiBd M«»««Is, ad^pc«i( t9 -tb«^ 9«|jgtr«qiQpts of the 
New Co<k, arc the most >eletften^Kcy of eleisentiitTy wtirits, «ii.d extremely cheap. . . : . . 
They are more tweful, as pcactical gui^-^hookah tfaao mo^. oi tibe soose Q4y>ensive 
works.*' — StamAard, 

** Th« Series will-prove a very r«Kahle^««d oubstaatnil AJi^ to i4m tosfi^^r. . . . 
The whole of the Nfaniuils bear plain evidence of bavt9|; .been pr^pw^d, by those 
thoroughly conversant practically Muth tbe v«co«k of teachmc, and of having been re- 
vised fc^ one able to jud^ of toe .effect of bpok-teachtng^y the. crucial test ot its 
results. In the BiMe History Maaqal -aH controversiqal points have been avoided, 
and, as a ground-work and help to the study 4)f the fisriptaiies,. it « to he warmly 
commended."— Wettifn Daily Aercury. 

*«* Specimen, copies supplied to Teachers at Haif the Published Pricie and 
Postage. A Complete Set of Reapers and MAtrvAJUS on receipt of P.QX)* 
for 65. id. 
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SENIOR (Nassau William, M.A., late Professor 

of Political Economy in the University of Oxford) : 

A TKBATISB ON POLITICAL ECONOMY; the Science which 
treats of the Nature, the Production, and the Distribution of Wealth. 
Crown 8vOi Cloth, 4/- Sixth Edition. {Encyclopadia Metropolitana) 

THOMSON Qames) : THE SEASONS. With 

an Introduction and Notes by Robbrt Bell, Editor of the "Annotated 
Series of British Poets." Foolscap 8vo. Cloth, 1/6. Third Edition, 
" An admirable introduction to th« ttndy of our English dasaict.** 

WHATELY (Archbishop) : A TREATISE ON 

LOGIC. With Synopsis and Index* Crown 8vo. Cloth, 3/. The 
Originml Edition^ {Ency€Ufpadia MU^opsUUma). 

WHATELY (Archbishop): A TREATISE ON 

RHETORIC. With Synopsis and Index. Crown 8vo* Cloth, 3/6. 
The Original Edition. (Encyclopedia MetropoUtana)^ 

WYLDE (James) : A MANUAL OF MATHE- 

MATICS, Pure and Applied^ Intlnding Arithimt^c, Algebra, Geo- 
metry, Trigonometry (Plane and Spherical), Logarithms, Menauration, 
&c. Super-royal 8vo. Cloth, 10/6. 



%* Specimen Copiet of all the Kducuiional Werkj puhUshed hy Messrs. 
Charles Griffin and Company may he seen at the^ Libraries of the 
College cf Preceptors, Sonth Kensington Musamtr and Crystal Palace ; 
also at the depots of the chief Educational Societies. 
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Works in General Literature. 



BELL (Robert, Editor of the ''Annotated Series of 

British Poets.") : 

GOLDEN LEAVES FROM THE WORKS OF THE POETS 
AND PAINTERS. Illustrated by Sixty-four superb Engravings on 
Steel, after Paintings by David Roberts, Stanpibld, Leslie, Stot- 
HARD, Haydon, Cattermole, Nasmyth, Sir Thomas Lawrence, and 
many others, and engraved in the first style of Art by Finden, Great- 
bach, LiGHTFOOT, &c. 4to. Cloth gilt, 2i/- ; unique walnut binding, 
30/- ; morocco antique, 35/- Second Edition, 

'" Golden Leaves' is by far the most important book of the season. The illustra- 
tions are really works of art, and the volume does credit to the arts of England.**— 
Saturday Review. 

" The Poems are selected with taste and judgment.** — Times, 

" The engravings are from drawings by Stothard, Newton, Danbv, Leslie, and 
Turner, and it is needless to say how charming are many of the above here given.**— 
Athenceum, 

CHRISTISON (John): A COMPLETE SYS- 
TEM OF INTEREST TABLES at 3, 4, 4i and 5 per Cent. ; Tables 
of Exchange or Commission, Profit and Loss, Discount, Clothiers', 
Malt, Spirit and various other useful Tables. To which is prefixed tke 
Mercantile Ready Reckoner, containing Reckoning Tables from one 
thirty-second part of a penny to one pound. Greatly enlarged. i2mo. 
Bound in leather, 4/6. New Edition. 



THE WORKS OF WILLIAM COBBETT. 

THE ONLY AUTHORIZED EDITIONS. 

COBBETT (William) : ADVICE TO YOUNG 

MEN and (incidentally) to Young Women, in the Middle and Higher 
Ranks of Life. In a series of Letters addressed to a Youth, a Bachelor, 
a Lover, a Husband, a Father, a Citizen, and a Subject. Fcap. 8vo. 
Cloth, 2/6. New Edition, With admirable Portrait on Steel, 

" Cobbett*8 great qualities were immense vigour, resource, energy, and courage, 
joined to a force of understanding, a degree of logical power, and above all a force 01 

expression, which have rarely been equalled He was the most English of 

Englishmen.*' — Saturday Review, 

" With all its faults, Cobbett's style is a continual refreshment to the lover of 
' English undefiled.'"— Pa// Mall Gazette, 

COBBETT (William): COTTAGE ECONOMY. 

Containing information relative to the Brewing of Beer, Making of 
Bread, Keeping of Cows, Pigs, Bees, Poultry, &c. ; and relative toother 
matters deemed useful in conducting the affairs of a Poor Man's Family. 
New Edition, Revised by the Author's Son. Fcap. 8vo. Cloth, 2/6. 
I Eighteenth Edition. 
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William Cobbett's Works — (continued). 

COBBETT (Wm.) : EDUCATIONAL WORKS. 

(See page 19). 

COBBETT (Wm): A LEGACY to LABOURERS; 

An Argument showing the Right of the Poor to Relief from the Land. 
With a Preface by the Author's Son, John M. Cobbbtt, late M.P 
for Oldham. Fcap. 8vo. Cloth, 1/6. New Edition. 

" The book cannot be too much studied just now." — Nonconformist, 

** Cobbett was, perhaps, the ablest Political writer England ever produced, and his 

influence as a Liberal thinker is felt to this day It is a real treat to read his 

strong, racy language.**— P»6/tc Opinion, 

COBBETT (Wm.) : A LEGACY to PARSONS ; 

Or, Have the Clergy of the Established Church an Equitable Right to 
Tithes and Church Property ? Fcap. 8vo. Cloth, z/6. New Edition, 

" The most powerful work of the greatest master of political controversy this 
country has ever jfirodnced.'*— PaiJ Mall Gaxette, 



COBBETT (Miss Anne): THE ENGLISH 

HOUSEKEEPER ; Or, Manual of Domestic Management. Containing 
Advice on the Conduct of Household Affairs, and Practical Instructions, 
intended for the Use of Young Ladies who undertake the superin- 
tendence of their own Housekeeping. Fcap. 8vo. Cloth, 3/6. 

COOK'S VOYAGES. VOYAGES ROUND 

THE WORLD, by Captain Cook. Illustrated with Maps and numer- 
ous Engravings. Two vols. Super-royal 8vo. Cloth, 30/- 



DALGAIRNS (Mrs.): THE PRACTICE OF 

COOKERY, adapted to the business of EveiY-day Life. By Mrs. 
Dalqairms. The best book for Scotch dishes. About Fifty new Recipes 
have been added to the present Edition, but only such as the Author 
has had adequate means of ascertaining to be valuable. Fcap. 8vo. 
Cloth, 3/6. Sixteenth Edition, 

" This is by far the most complete and truly practical work which has yet appeared 
on the subject. It will be found an infallible ' Cook's Companion,' and a treasure of 
great price to the mistress of a iKtailyJ'*— Edinburgh Literary Journal. 

** We consider we have reason strongly to recommend Mrs. Dalgaims' as an 
economical, useful, and practical system of cookery, adapted to the wants uf all 
families, from tha tradesman to the country gentleman."— 5^«(^a^0r. 
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D'AUBIGNE (Dr. Merle) : HISTORY OF THE 

REFORMATION. With the Author's latest additions and a new 
Preface. Many Woodcuts, and Twelve Engravings on Steel, illustrative 
x>f the Life of "Martin Luther, after Labouch^re. In one large 
volume, demy 4to. Elegantly bound in cloth, 21/- 

" In this edition the principal actors and scenes in the great drama of the Sixteenth 
Century are brought vividly before the eye of the reader, by the skill of the artist and 
fograver.** 

DONALDSON (Joseph, Sergeant in the 94th Scots 

Rc^inMttt) : 

RECOLLECTIONS OF THE EVENTFUL LIFE OF A 
SOLDIER IN THE PENINSUJUA. Fcap. Svo. Cloth, 3/6 ; gilt 
sides and edges, 4/- New Edition* 

EARTH DELINEATED WITH PEN A3SID 

PENCIL (The) : an Illustrated Record of Voyages, Travels, and Ad- 
iventures all round the World. Illustrated with more than Two Hun- 
dred Engravings in the first style of Art, by the most eminent Artists, 
including several from the master pencil of Gust^vb Dors, ^Demy 
4to, 750- pages. Very handsomely boimd, 21/- 



MRS. ELLIS'S CELEBRATED WORKS 

On the Influence and Characteii of Women. 

THE ENGLISHWOMAN'S LIBRARY: 

A £ueries of Moral and Descriptive Works. By Mrs. EUu,m, :S|maU 
8vo., cloth, each volume, 2/6 ; with gilt backs and edges, 3/- 

.1.— THE WOMEN OF ENGLAND: Their Social Djatios and 
Domestic Habits. Tkiriy'-niitih Thimsand* 

2.— THE DAUGHTERS OF ENGLAND: Their Position in 
Society, Character, and Responsibilities. Twentieth Thousand. 

3,^THE WIVES OF ENGLAND: Thotr Relative Etuties, 
Domestic Influence, and Social Obligations. 'EigkieetHh Thou- 
sand. 

4.--THE MOTHERS OF ENGLAND : Their Influence and Re- 
sponsibilities. Twentieth Thousand, 

5.-^FAMILY SECRETS ; Or, Hints to make Home Happy. jTiiree 
vols. Twenty 'third Thousand. 

6.— SUMMER AND WINTER IN THE PYRENEES. Tenth 
Thousand. 

7.— TEMPER AND TEMPERAMENT; Or, Varieties of 

Character. Two vols. Tenth Thousand. 

8.— PREVENTION BETTER THAN CURE ; Or, The Moral 
Wants of the World we live in. Twelfth Thousand. 

9 — HEARTS AND HOMES; Or, Social Dislincticms. Three 
vols. Tenth Thousand. 
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THE EMERALD SERIES OP 
STANDARD AUTHORS. 

Illustrated by Engravingft on Steel, «ftor ^rofTHkUD, Lcacxv, I>ikVfD Ro- 
berts, Stanfield, Sir Thomas Lawrence, Cattermole, &c. Fcap. 
8vo. Cloth gilt. 

*«* Particular attention is requested to this very beatrtiful serfes. Tfte deRcacy of 
the engravings, the «xceUence of the typography, and the quaint anticpie head mad fail- 
pieces, render them the most beaut^ul volumes ever issued from the press of this couatry 
and now, unquestionably, the cheapest of their class. 

BURNS' (Robert) SONGS AND BALLADS. 

With an Introduction on the Character and Genius of Bums. By 
Thomas Carlyle. Carefully printed in antique type, and illustrated 
with Portrait and beautiful Engravings on Steel. Cloth, gilt edges, 3/- 
malachite, 10/6. Second Thousand. 

BYRON (Lord) : CHILDE HAROLD'S PIL- 

GRIMAGE. With Memoir by Professor Spalding. Illustrated with 
Portrait and Engravings on Steel by Grbatbacr, Mill&r, Ligrtpoot, 
&c., from Paintings by Cattbrmole, Sir T. Lawrence, H. Howard, 
and Stothard. Beautifully printed on toned paper. Cloth, gilt edges, 
3/- ; malachite, 10/6. Third Th&uumd, 

CAMPBELL (Thomas) : THE PLEASURES 

OF HOPE. With Introductory Memoir by the Rev. Chariles Rogers, 
LL.D., and several Poemc :;ever before published. Illustrated with 
Portrait and Steel Engravings. Cloth, gilt edges, 3/- ; malachite, xo/6. 
Second Thousand, 

CHATTERTON'S (Thos.) POETICAL WORKS. 

With an Original Memoir by Frederick Martin, and Portrait. Beau- 
tifully illustrated on Steel, and elegantly printed. Cloth, gilt edges, 
3/- ; malachite, 10/6. Fourth Thousand, 

GOLDSMITH'S (Oliver; POETICAL WORKS. 

With Memoir by Professor Spalding. Exquisitely illustrated with 
Steel Engravings. Printed on superior toned paper. Cloth, gilt edges, 
3/- ; malachite, 10/6. New Editifn, Seventh Thousand, 

GRAY'S (Thomas) POETICAL WORKS. With 

Life by the Rev. John Mitford, and Essay by the Earl of Carlisle. 
With Portrait and numerous Engravings on Steel and Wood. Ele- 
gantly printed on toned paper. Cloth, gilt edges, 5/- ; malachite, 12/6. 
Eton Edition^ with the Latin Poems. Fifth Thousand, 

HERBERT'S (George) POETICAL WORKS. 

With Memoir by J. Nickol, B.A., Oxon., Prof, of English Literature in 
the University of Glasgow. Edited by Charles Cowdbn Clarke. 
Antique headings to each page. Cloth, gilt edges, 3/- malachite, 10/6. 
Second Thousand, 
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The Emerald Series— ^continued). 

KEBLE (Rev. John) : THE CHRISTIAN YEAR. 

With Memoir by W. Temple, Portrait, and Eight beautiful Engravings 
on Steel. Cloth, gilt edges, 5/-; morocco elegant, zo/6; malachite, 12/6. 

POE'S (Edgar Allan) COMPLETE POETICAL 

WORKS. Edited, with Memoir, by James Hannay. FuU-page Illus- 
trations after Wehnert, Weir, &c. Toned paper. Cloth, gilt edges, 
3/- ; malachite, 10/6. Thirteenth Thousand, 

Other Volumes in preparation. 



FINDEN'S FINE ART WORKS. 

BEAUTIES OF MOORE; being a Series of 

Portraits of his principal Female Characters, from Paintings by eminent 
Artists, engraved in the highest style of Art by Edward Finden, 
with a Memoir of the Poet, and descriptive letter-press. Folio. Cloth 
gilt, and gilt edges, 42/- 

DRAWING-ROOM TABLE BOOK (The) ; a 

Series of 31 highly-finished Steel Engravings, with descriptive Tales by 
Mrs. S. C. Hall, Mary Howitt, and others. Folio. Cloth gilt, and 
gilt edges, 21/- 

GALLERY OF MODERN ART (The) ; a Series 

of 31 highly-finished Steel Engravings, with descriptive Tales by Mrs. 
S. C. Hall, Mary Howitt, and others. Folio. Cloth gilt, and gilt 
edges, 21/- 



FISHER'S READY RECKONER. The best in 

the world. z8mo. Bound, z/6. New Edition.^ 

GILMER'S INTEREST TABLES : Tables for 

Calculation of Interest, on any sum, for any number of days, at i, i, i^, 
2, 2i, 3, 3i, 4^ 4i, 5 and 6 per Cent. By Robert Gilmer. Corrected 
and enlarged. Z2mo. Roan lettered, 5/- Sixth Edition, 

GOLDSMITH'S (Oliver) COMPLETE POET- 

ICAL WORKS. With a Memoir by William Spalding, A.M., Pro- 
fessor of Logic and Rhetoric in the University of St. Andrew's. Portrait 
and numerous Illustrations on Steel and Wood. Fcap. 4to. Most 
elaborately gilt, cloth, 5/- 
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GRAEME (Elliott) : BEETHOVEN : a Memoir. 

With Portrait, Essay (Quasi Fantasia) " on the Hundredth Anniversary 
of his Birth," and Remarks on the Pianoforte Sonatas, with hints to 
Students. By Dr. Ferdinand Hiller, of Cologne. Crown 8vo. Cloth 
gilt, elegant, 5/- Second Edition, slightly enlarged. 

"This elegant and interesting Memoir The newest, prettiest, and most 

readable sketch of the immortal Master of Music." — \Iusical Standard. 
■ " A gracious and pleasant Memorial of the Centenary." — Spectator. 

" This delightful little book — concise, sympathetic, judicious.'* — Manchester 
Examiner. 

" We can, without reservation, recommend it as the most trustworthy and tho 
pleasantest Memoir of Beethoven published in England." — Observer. 

" A most readable volume, which ought to find a place in the library of every 
admirer of the great Tont-Fott."-— Edinburgh Daily Review. 

GRAEME (Elliott) : A NOVEL WITH TWO 

HEROES. In 2 vols., post 8vo. Cloth, 21/- Second Edition, 

" A decided literary success."— -4 //i«n«i*m. 

• " Clever and amusing above the average even of good novels free 

from sensationahsm, but full of interest touches the deeper chords of lifo 

delineation of character remarkably good.*' — Spectator. 

" Superior in all respects to the common run of novels." — Daily News. 

"A story of deep interest The dramatic scenes are powerful almost to 

painfulness in their intensity." — Scotsman. 

HOGARTH : The Works of William Hogarth, in 

a Series of One Hundred and Fifty Steel Engravings by the First 
Artists, with Descriptive Letterpress by the Rev. John Trusler, and 
Introductory Essay on the Genius of Hogarth, by James Hannay. 
Folio. Cloth, gilt edges, 52/6. 

" The Philosopher who ever preached the sturdy English virtues which have made 
us what we are." 

KNIGHT (Charles) : PICTORIAL GALLERY 

(The) OF THE USEFUL AND FINE ARTS. Illustrated by nu- 
merous beautiful Steel Engravings, and nearly Four Thousand Wood- 
cuts. Two vols., folio. Cloth gilt, and gilt edges, 42/- 

KNIGHT (Charles) : PICTORIAL MUSEUM 

(The) OF ANIMATED NATURE. Illustrated with Four Thousand 
Woodcuts. Two vols., folio. Cloth gilt, and gilt edges, 35/- 

MACKEY'S FREEMASONRY : 

A LEXICON OF FREEMASONRY. Containing a Definition of 
its Communicable Terms, Notices of its History, Traditions, and Anti- 
quities, and an Account of all the Rites and Mysteries of the Ancient 
World. By Albert G. Mackey, M.D., Secretary-General of the 
Supreme Council of the U.S., &c. Handsomely bound in cloth, 5/. 
Sixth Edition, 

"Of Mackby's Lexicon it would be impossible to speak in too high terms ; suffice 
it to say, that in our opinion, it ought to be in the hands of every Mason who would 

thoroughly understand and master our noble Science No Masonic Lodge or 

Library should be without a copy of this most useful work."— JIf aiom'c News. 
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HENRY MAYHEW'S CELEBRATED TA/^ORK ON 
THE STREET-FOLK OF LONDON. 

LONDON LABOUR AND THE LONDON 

POOR : A Cyclopedia of the Condition and Earnings of those that 
will work and those that cannot work. By Henry Mayhew. With 
many full-fage Illustrations from Photographs. In three vols% Demy 8vo. 
Cloth, 4/6 each. 

'* Every page of the work is full of valuable information, laid down in so iatereating 
A manner that the reader can never tire." — Illustrated New&. 

" Mr. Henry Mayhew'a famous record of the habits, eamingB, and wificringa of 
the London poor." — Lloyd's Weekly London Newspaper. 

" This remarkable book, in which Mr. Mayhew gave the better classes their first 
real insight into the habits, modes ot livelihood, and current of thought of the London 
poor."— rA< Patriot. 

The Extra Vohime. 

LONDON LABOUR AND THE LONDON 

POOR : Those that will not work. Comprising the Non-workers, 
hy Henry Mayhew; Prostitutes, by BRACE»RQDGtB Hehyng; 
Thieves, by John Binny; Beggars, by Andrew Hallii>ay. With 
an Introductory Essay on the Agencies at Present in Operation 
in the Metropolis for the Suppression of Crime and Vice, by the Rev. 
William Tuckniss, B.A., Chaplain to the Society for the Rescue of 
Young Women and Children. With Illustrations of Scenes aad Locali- 
ties. In one large vol. Royal 8vo. Cloth 10/6. 

" The work is full of interesting matter for the casual reader, while the philan- 
thropist and the philosopher will find details of the greatest import." — City Press. 

Companion Volume to the above. 

THE CRIMINAL PRISONS OF LONDON, and 

Scenes of Prison Life. By Henry Mayhew and John Binny. Illus- 
trated by nearly two hundred Engravings on Wood, principadly from 
Photographs^ In one large vol. Imperial 8vo. Cloth, 10/6. 

Contents : — Greneral View of London, its Population, Size and 
Contrasts — ^Profcssion-al London — Criminal London — Pentonville Prison 
— The Hulks at Woolwich — Mrllbank Prison— The Middlesex House of 
Detention — Coldbath Fields— The Middlesex House of Correction, Tot- 
hill Fields — ^The Surrey House of Correction, Wandsworth — Newgate 
< — Horsemonger Lane — Clcrkenwell. 

"This volume concludes Mr. Henr^ Mayhew's aocount of fan reseasdKa into the 
crime and poverty of London. The amount of labour of one kind or other, 
which the whole series of his publications represents, is something almost in- 
calculable." — Literary Budget. 

*i^* This celebrated Record of Investigations into the conditioa of the F^)or of the 
Metropolis, undertaken from philanthropic motives by Mr. Henky Mayhew, first gave 
the wealthier classes of England some idea of the state of Heathenism, Degradation, and 
Misery, in which multitudes of their poorer brethren languished. His revelations created, 
at the time of their appearance, universal horror and excitement — that a nation, profes- 
sedly Christian^ should have in it& midst a vast population, so sunk in ignorance, vice, and 
very hatred of Religion, was deemed incredible, until fxrrther examination esrablished the 
truth of the statements advanced. The result is well known. The London of Mr. Mayhew 
will, happily, soon exist only in his pages. To those who v^oula appreciate the efforts 
already made among the ranks which recruit our " dangerous " classes, and who would 
learn what yet remains to be done, the work will aiford enlightenment, not unmingled with 
B urprise. 



GENERAL PURLICATION.S. 33 

MILLER (Thomas, Author of ** Pleasures of a 

Country Life,*' &c.) : 

THE LANGUAGE OF FLOWERS. With Eight beautifully-col- 

oured Floral Plates. Fcap. €vo. Cloth, gilt edges, 3/6. Fourteenth 

Thousand. 

"A book 
In which thou wilt find .many a. lovely «ayinf 
About the leaves and flowers." — Kbats. 

MILLER (Thomas) : THE LANGUAGE OF 

FLOWERS. Abridged from the larger work by Thomas Miller. 
With Coloured Frontispiece. Limp cloth, 6d. Cheap Edition. 

POE'S (Edgar Allan) COMPLETE POETICAL 

WORKS. Edited, with Memoir, by James Hannay. Full-page Illus- 
trations after Wehnert, W£IR, and others. .In .paper wrapper, 
Illustrated, 1/6. 



SHAKSPEARE : THE FAMILY. The Dramatic 

Works of WILLIAM SHAKSPEARE, edited and expressly adapted 
for Home and School Use. By Thomas Bowdler, F.R.S. With 
Twelve beautiful Illustrations 'on Steel. -Crown 8vo. Cloth gilt, 10/6 ; 
Morocco antique, 17/6. New Edition. 

%* This unique Edition of the great dramatist is admirably suited for 
home use ; while objectionable phrases have been expurgated^ no rash 
liberties have been taken :with the text. 

"It is quite undeniable that there are many passages in Shakspeare which a 
father could not read aloud to his children — a brother to his sister — or a gentleman to 
a lady; and every one almost must have felt or witnessed the extreme awkwardness, 

and even distress, that arises from suddenly stumbling upon such expressions 

Those who recollect such scenes must all rejoice that Mr. Bowdler has provided a 

security against their recurrence This puri£cation has been Accomplished with 

surprisingly little loss, either of weight or value ; the base alloy in the pure metal of 

Shakspeare has been found to amount to an inconceivably small proportion 

It has in general been found easy to extirpate the offensive expressions of our great 
poet without any injury to the context, or any visible scar or blank in the composition. 
They turn out to be not so much cankers in the flowers, as weeds that have sprung 
up by their side — not flaws in the metal, but impurities that have gathered on its 
surface — and, so far from being missed on their removal, the work generally appears 
more natural and harmonious without them." — Lord Jeffrey in the Edti^urgh 
Review. 

SIIAKSPEARE'S DRAMATIC & POETICAL 

WORKS. Revised from the Original Editions, with a 'Memoir and 
Essay on his Genius by Barry Cornwall. Also Annotations and 
Introductory Remarks on his Plays, by R. H. Horne and other eminent 
writers. With numerous Woodcut Illustrations and Full-page Steel 
Engravings, by Kenny Meadows. Jhree vols., super-royal 8vo. Cloth 
gilt, 42/- Tenth Edition. 

SHAKSPEARE'S WORKS. Edited by T. O. 

Halliwell, F.R.S., F.S.A. With Historical Introductions, Notes 
Explanatory and Critical, and a series of Portraits on Steel. Three 
vols., royal 8vo. Cloth gilt, 50/- 
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THE STANDARD DICTIONARY OF 

QUOTATIONS. 

SOUTHGATE (Henry) : MANY THOUGHTS 

OF MANY MINDS : being a Treasury of Reference, consisting of 
Selections from the Writings of the most celebrated Authors, compiled 
and analytically arranged by Henry Southoate. Toned paper, square 
8vo. Cloth gilt, elegant, 12/6 ; Library Edition, half Roxburgh, 14/- ; 
morocco antique, 21/- Twenty -eighth Edition. 

" The produce of years of research.** — Examtner. 

** Destined to take a high place among books of this class." — Notes and Queries. 

** A treasure to every reader who may be fortunate enough to possess it, -^Englith 
Journal of Education, 

" The accumulation of treasures truly wonderful.*' — Morning Herald, 

* This is a wondrous book.**— Dai/y News, 

** Worth its weight in gold to literary men.*'— Builder, 

SOUTHGATE (Henry) : MANY THOUGHTS 

OF MANY MINDS. Second Series. Square 8vo, toned paper. 
Cloth gilt, elegant, 12/6; Library Edition, half Roxburgh, 14/.; mo- 
rocco antique, 21/- Fifth Edition, 

" We are not surprised tnat a Second Series of this work should have been called 
for. Preachers and Public Speakers will find that it has special uses for them.*'— 
Edinburgh Daily Review, 

*' Fully sustains the deserved reputation of the First Series.'*— JoAn Bull, 



THE SHILLING MANUALS. 

By JOHN TIMES, F.S.A., 

Author of *' The Curiosities of London," &c. 

A Series of Hand-Books, containing Facts and Anecdotes interesting 
to all Readers. Fcap. 8vo. Neat cloth, one shilling each. Second 
Edition, 

I.— CHARACTERISTICS OF EMINENT MEN. By John Timbs. 
Bound in neat cloth, price i/- 

** It is impossible to dip into this booklet without finding something that is new or 
that will bear repeating.'*— 5/M:i?S<W Daily Telegraph. 

XI.— CURIOSITIES OF ANIMAL AND VEGETABLE LIFE. By 
John Timbs. Neat cloth, price i/- 

'* Has the charm of freshness, besides containing much curious information.'* — 
Sheffield Telegraph. 

III.— ODDITIES OF HISTORY AND STRANGE STORIES FOR 

ALL CLASSES. Selected and compiled by John Timbs. Neat 

cloth, price i/- 

" The reader is presented with many curious tit-bits of history, instructive and 

valuable in themselves an interesting companion for spare minutes." — 

Edinburgh Daily Review, 

IV.— ONE THOUSAND DOMESTIC HINTS on the Choice of Pro- 
visions, Cookery and Housekeeping; New Inventions and Improve- 
ments, and various branches of Household Management. Written 
and compiled by John Timbs. Neat cloth, price i/- 

" No money is better snent than what is laid out for domestic satisfaction.*'— Z>r. 
Johnson. 
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TiMBS*s Manuals — {continued), 

v.— POPULAR SCIENCE. Recent Researches on the Sun, Moon, 
Stars, and Meteors; The Earth; Phenomena of Life, Sight and 
Sound; Inventions and Discoveries. Familiarly Illustrated. Written 
and compiled by John Timbs. Neat cloth, price i/- 

" A verv useful little manual."— 5*«j^*W Daily Telegraph. 

** Will be found abundant in much out of the way information on almost every 
conceivable topic, where the popular mind is for the most part in error.**— Evcwm^ 
Standfird. 

VI.— THOUGHTS FOR TIMES AND SEASONS. Selected and com- 
piled by John Times. Neat cloth, price x/- 

" Contains a very great amount and variety <rf oat-<»f-tfae»way extracts from 
modem and old writings." — Mechanu^s Magazine, 

" In a neat and concise form, are brought together striking and beautiful passasea 
from the works of the most eminent divines and moralists, and political and scientific 
writers ot acknowledged ability.*'— JBf^tndtfrgA Daily Review 

Opinions of the Press on the Series. 

" It is difficult to determine which of these volumes is the most attractive. Will 
be found equally enjoyable on a railway journey, or by the fireside."— if mmg Journal, 

" These additions to the Library, produced by Mr. Timbs* industry and ability, are 
useful, and in his pages many a hint and suggestion, and many a fact of importance, 
is stored up that would otherwise have been lost to the public."— BwiMff. 

*' Capital little books of about a hundred pages each, wherein the indefatigable 
Author IS seen at his best."— Af «c/^0iiics* Maganne, 



u 



Extremely interesting volumes.'*— £vcf>»iig Standard, 



"Amusing, instructive, and interesting As food for thought and pleasant 

reading, we can heartily recommend the 'Shilling Manuals.*"- ^snuMigAons Daily 
(rosette. 



TIMBS (John, F.S.A.): PLEASANT HALF- 

HOURS FOR THE FAMILY CIRCLE. Containing; Popular Sci- 
ence, Thoughts for Times and Seasons, Oddities of Histoiy, Charac- 
teristics of Great Men, and Curiosities of Animal and Vegetable Life. 
Fcap. 8vo. Cloth gilt, and gilt edges, 5/- Second Edition, 

" Contains a wealth of useful reading of the greatest posiible variety."— PZ^mottf A 
Mercury, 

VOICES OF THE YEAR (The) ; Or, the Poet's 

Kalendar. Containing the choicest Pastorals in our Language. Pro- 
fusely Illustrated by the best Artists. In bevelled boards, elaborately 
ornamented and gilt, 12/6. 

WANDERINGS IN EVERY CLIME; Or, 

Voyages, Travels, and Adventures All Round the World. Edited by 
W. F. AiNswoRTH, F.R.G.S., F.S.A., &c., and embellished with up- 
wards of Two Hundred Illustrations by the first Artists, including 
several from the master pencil of Gustave Dor6. Demy 4t0| 800 
pages. Cloth and gold, bevelled boards, 21/- 



SECOND SERIES.-^FIFTH EDITION. 



MANY THOUGHTS OF MANY MINDS 

A Treasury of Eeference, consisting of Seleotioxui from the Writings of the most 
Celebwtod Aathozg. UBAT & SECOND 8£fil£8. Qomjiled & AwlTtiDally Azian-e 

By HEVBT BOITTHaATE. 

In Bf^mre %90^ eleffafHtly frinUd on toned paper. 

Presentation Edition, Cloth and Gold ... 128. 6d. eacb Tolnme. 

library Kdltioa, Hall Boniut* Boxovghe ••• 14«. « 

Do., Morooco Antique ••• •«. .^ 8Uu ,, 

JSkek 8&rim iM eempUte Is ^tm^, and mid agmratOf. 



<■ 'UMsrt marnvn," Sm^, an c«ldcnt!l7 «he m- 
teoe of years of reseaiota. we look up any snlqeat 
mder the sun, and are pretty sore to find Bomething 
that has been said— generaUj well said— upon iL"— 
JEcomifur. 

" Many beantifnl exanudfls of thongbt and style 
•le to tie found among tSe aeleetions.' •— X«tufap. 

"There can be Uttto doubt that it is desdued to 
take a high jhtfjeaairoig tnoka of this daai"— itfWM 
flml Qmrui. 

"A treanire to e may g ea d a i! irtio may belartanate 
CDOOgh to poseees it. 

Ita ponwri is like inhaling esMnoea ; m hava tba 
aeam only of the great authors quoted. Here aU 
■xe seeds or gemB.'*^Bngli$h Joumai qfBdueaiiam. 

'*Mr. Southgate's reading will be found to extend 
orar nearly ttie whole known lldd of Utecature^ 
ancient anid modem.**— OtalIeiMM*« Magagine. 

"Here is matter suited to all tastes^and illustrati^ 
ClaU opiidons jmoials, politloeL philosophy, and solid 
information. We have no hesMaMon in pronoundog 
tb one of the most important books of the season. 
Credit is doe to the pubUshan for the ekganoe with 
vhich tlie work ia got qp^ aad for the ezftrema 
beauty and cocxectncai ot tha typogaaphj.*'— 'ifomiR^ 

"Of the namerou ytSanm of tha Und, ve donot 
fooember having met with one in whioh the selection 
iras more judicious, or tha aocrnnnlation of treaBniee 
ao truly wonderful." — MwfKitng HertM. 

"Mr. Soutbgate appeazi to have ransacked every 
nook and oomer for gems of thought.*'— iine»'< Indian 
Mail. 

"The selection of the extnots has been made with 
taste, jadgmait^ and ocitioal iiioe^.*'^Moming Boat, 

"This Is a wondrous book, and oontains a great 
many gams of thought."—- 2>(ii^ ir«iM. 

"Asa cwrk of rsferenaa. it wiU be an aoqnisltiaB 
^ any man's library. *'~i\iMuA«r*« Circular, 

"This volume oontains more gems of thought^ re- 
fined sentiments, noble axioms, and extractable 
aentenoes, than have ever bef on been brought together 
in our language.*— 2Vk6 Field, 

" WUl be found to be worth Its weight in gold 
\gj literary men.'*— 2%e BuOder, 

" AU that the poet has described of the beantifnl in 
natoie and art ; all the wit that has flashed from 
pregnant minds ; aU the axioms of experienoe, the 
oollected wisdom of philosopher and sage, arc gamwed 
Into one heap of useful and well-airanged instruction 
m4 amusement."— 2A< JSrs. 



"The mind of alsioet aQ nattoos aad ages of ib 
world is recorded h«i?e."^^oAii BM. 

" This is not a law-book : but, departing from 01 
Qsnal practice, we notice it because it is likely 1 
be very useful to lawyers."—^* Times. 

** The ooUeotion will inrove a mine, rich and ine: 
haostiblsb to these in searoh of a quotation.'*—^; 
Journal. 

^Thare Is not^ as we have resson to know, a singl 
tsBohy seat— oe in this volume. Open where we maj 
every page is ladea with the wealth of profounds 
tiioqgh^aad all e^ow wtth the loftiest inqiirations ( 
seniuaL To take tUs book into our hands is like sittin 
aown to a grand oonversaxione with the greatei 
thinkers of tSx Bg^C-^^tar. 

" The work of Mr. Soutbgate fsr outstrips aU others 
of its kind. To the clergyman, the author, the artist 
and the essayist, *Many Thoughts of Many Mindt 
cannot faU to render ahnost incalculable servioe."- 
Edimburffh Mereuty. 

'^ We have no hesitation whatever in describing Ui 
Southgate's as the very best book of the class. Ther 
is poaitiveiy nqthlng of the kind in the language tha 
will bear a moment's oompaziaon withit*— iAMeAe«f« 
WetUv AdvarHUar, 

'^There is no mood in whidi we can take it u; 
wlthoot deriving from it inslamctlon, oonsolation, ant 
amuseaient. We heartily thank Mr. Soutbgate for 1 
book which we shaU regard as one of our best frieQ^'i 
and companions.**— Gzmdrit^ Chroniae. 

" This work possesses the merit of being a magni 
flcent gift-book, appropriate to all times andseasoDs 
a book calculated to be of use to the scholar, tb 
divine^ or the public man.'!— /Veemajon't Magaxine 

"It is not so mucdti a book as a libraiy of quota 
tlons."— Pa<rio<. 

"The quotations abound in that ihm^fhl which ii 
tbamaio^ng of mental ezaralae.*'—X<«e7>oo/CMiri^. 

" For purposes of appeaifee quotation, ft cannot b« 
" "—Britfl Times. 
It is impossible to pick out asingle pasBsge in 
the work which does not, upon the face of it, ja^tiff 
its selection by its intrinsic merit.**— Z>orfrf Chronicle. 

" We are not surprised that a Second Series of thu 
work should have been called for. Mr. Soutbgate 
has the catholic tastes desirable in a good Editur. 
Preachers and public speakers will find that it baa 
special uses for thtm.**^Bdinbw^h Daily Review. 

"ilie SECONO Sbbibs fully sustains the deserred 
reputation of the First."— /oAa BviU 
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